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AN INEXPENSIVE 
ACCEPTABLE CHRISTMAS GIFT 
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CRYSTAL PAPER-WEIGHTS. 


The following are selected from over one thousand minerals as being inex- 
pensive, natural crystallizations of unusual beauty, and making very hand- 
some ornaments. They are mentioned in the order of their relative attract- 
iveness. Specimens neatly shaped, about 2x3 inches, are worth from 25c. to 
75e. each, according to crystallization. 

Tourmaline var. Rubellite. Slender pink crystals in a lavender Lepidolite 
rock, from San Diego Co., California. 

Quartz var. Rock Crystal. Group of bright, clear crystals. (See illustra- 
tion.) From near Hot Springs, Arkansas. 

Fluorite or ‘‘ Fluor Spar.” Group of purple crystals, clear and of cubic 
form. From Cumberland, England. . 

Hematite or ‘‘ Specular Iron Ore.” Masses of brilliant coal-black crystals. 
From the Island of Elba. 


“COMPLETE MINERAL CATALOGUE.” 


Over 160 pages, with 40 splendid engravings. The largest and best ever 
published ; more and better illustrations ; better paper and printing; more 
useful matter, conveniently arranged. 

PRICES of I. New Minerais; IT, Collections, Scientific, Practical and Ele- 
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Y VIII. An Alphabetical Index and Price-List ; 1X. Classified List giving 
T AB LES Name, Composition and Form of all known Mineral Species and 
Varieties, with Supplement ; X. A Complete Metallic Classification of Minerals, show- 
ing the Natural Combinations of the Metals. 

Invaluable alike to teachers, students, investigators, mining experts, 
chemists, and all desiring a brief reference book containing useful informa- 
tion in a condensed form. 

Prices, postpaid, paper bound, 25c.; handsome cloth binding, 50c.; 
calf, interleaved, $1.00. (Cloth or paper copies half-price to schools 


ordering twelve or more.) 
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THE 


AMERICAN JOURNAL OF SCIENCE 


[FOURTH SERIES. ] 


Art. XLII.—A Microsclerometer, for determining the Hard- 
ness of Minerals ;* by T. A. JAGGAR, JR., Cambridge, 
Mass. (With Plate XII.) 


Introduction: the definition of “ hardness.” 


THE hardness of minerals and metals has been investigated 
by the following methods : 


ABRASION-TESTS. 


Scratching by hand: (Werner, Haiiy, Mohs, Breithaupt, 
Cohenf, ete.) 


Drawing mineral under a point: 


(a) H. = weight on point— (Seebeck, Franz, Grailich and 
Pekarek,{ Exner$). 

(4) H. = weight to draw mineral (inversely) —(Grailich and 
Pekarek). 

(c) H.=number of abrading movements—(Grailich and 
Pekarek). 


* This research has been carried on in the petrographical laboratory of Harvard 
University, Cambridge. Mass.; the author is much indebted to Professor J. E. 
Wolff, Dr. Charles Palache, Mr. L. W. Page and Professor Victor Goldschmidt, 
of Heidelberg, for advice and assistance. For the admirable mechanical execu- 
tion of the instrument, as well as for many valuable suggestions, I have to thank 
Mr. Sven Nelson, of Cambridge, to whose skill as an instrument maker no words 


of mine can do justice. + v. Rosenbusch, Mikros. Physiographie, I, p. 258. 
¢ Sitzungsber. d, k. k. Akad. Wien, xiii. 1854 (contains complete bibliography 
of earlier papers). § Preisschrift, Wien, 1873. 
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Drawing point over mineral : 
(a) H. = weight to draw point (inversely)—(Franz). 
(6) H. = weight on point—(Turner*). 
Grooving with a standard edge: 
H. = depth of groove—(Pfafft). 
Boring with a standard point: 
H. = number of rotations—( Pfaff f). 
Grinding with a standard powder : 
(a) H. = period required for polish (inversely)—(Behrensg). 
(5) H. = loss of volume (inversely)—(Rosiwal]). 


(c) H. = comparative loss of four substances (inversely) 
(Jannettaz and Goldberg ). 


STATIC PRESSURE-TESTS. 
Compressing leis on plate of substance : 
(a) H. = limit pressure per unit of surface—(Hertz**). 
(6) H. = multiplied by the cube 
root of the radius of curvature—(Auerbachtf). 


Compressing a point into a surface: 


(a) H. = weight to reach a standard depth—(Calvert and 
Johnson{{, Bottone§s). 


b) H. = volume of indentation (inversely)—(U. 8. Ordnance 
Tests|||\). 


Reference to the foregoing table shows a wide diversity of 
method, all designed to measure the resistance which a sub- 
stance opposes to permanent deformation ; all come within the 
scope of four processes utilized as the measure of such deforma- 
tion, viz: 

(1) Abrasion, (2) Penetration, (8) Friction, (4) Fracture. 

Of the eighteen authors mentioned, thirteen used abrasion 
(76 per cent); friction was used as an alternative (and found 
inadequate) by two of these. All were mineralogists except 
Turner, who was a practical metallurgist. The five authors 
who used static pressure as a test of hardness (penetration and 
fracture) were physicists and metallurgists, and in all five cases 


* Proc. Phil. Soc., Birmingham, v, 1886. + Sitz. k. k. Bayer. Akad., 1883. 
Sitz. k. k. Bayer Akad., 1884, 
Anleitung zur Mikrochemische Analyse, 1895. , 

| Verhandl. k. k. Geol. Reichsanstalt, 1896,'xvii, 475. 

¥ Assog. Frang. p. l’Avane. d. Se., 9 Aug., 1895. 

** Verhandl. Berlin Phys. Gesells, 1882. ++ Wied. Ann., 1891, 1892, 1896. 
¢ Phil. Mag., xvii, 114. §§ Chem. News, 1873, xxvii. 

|| Report of experiments on metal for cannon, U. 8. Ordnance Dep't, 1856. 
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objection has been made to the results obtained on the ground 
of the interference of tenacity and plasticity. Dana has stated 
concisely the generally accepted definition of the mineralogists : 
“ Hardness is the resistance offered by a smooth surface to 
abrasion.” 

For practical purposes it has been demonstrated that when 
softer substances are abraded by a very hard substance, other 
conditiovs being constant, the amount of abrasion suffered 
varies with the hardness of the abraded substance. For obtain- 
ing values relative to an empirically selected abrader, it is 
obvious that any one of the numerous variable conditions in 
the process may be selected for functional purposes, provided 
all the other conditions are maintained constant. What is 
required, then, is an absolutely defined abrading agent, a 
method, one condition, variable with the resistance to abrasion, 
selected as functional, and devices for maintaining the others 
absolutely constant. The values obtained would be relative to 
the hardness of the abrader: this is a point that seems to have 
been frequently overlooked. Attention has been called, in the 
text-books,* to the fact that the results of sclerometry show 
the hardness differences between the lower members of the 
Mohs seale to be much less than between the harder members, 
where the differences are said to be enormous, as shown by the 
great length of time requisite for polishing the harder gems, 
ete. It must be remembered, however, that when the diamond 
scratches quartz there is interaction, the phenomenon of the 
seratch is a relative one; if sufficient force 1s applied the dia- 
mond may be perceptibly abraded as well as the quartz. On 
the basis of the definition that hardness is the resistance to 
abrasion by diamond, diamond is almost infinitely harder ; but 
assuming hardness to be the molecular or atomic tenacity, we 
must have a means for measuring that tenacity in absolute 
terms of energy expended before we may be sure of the actual 
differences between different substances. 

The hardness of a substance as expressed in resistance to 
scratching, is, in the case of fine-granular aggregates, dependent 
on the fineness of the particles, the interlocking or loose strue- 
ture, and the strength of the cement. If such an aggregate as, 
for instance, chalk is scraped with a tool, we overcome the 
tenacity of the particles and produce a scratch: if the sub- 
stance were an aggregate of diamond particles the scratch 
would still be produced. If the particles are so rigidly inter- 
locked that the tool does not overcome their tenacity, a scratch 
will not be produced by reason of a separation of the frag- 
mental particles: yet we know that the soft carbonate will be 
scratched, and the hard carbon will resist. The first case was 


* Tschermak, p. 139. 
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echanical structure, the second atomic structure. Again, if 
amass of amorphous carbon of low specitic gravity is heated 
in a crucible, crystalline graphite needles are formed, of some- 
what higher specific gravity and hardness; if enclosed in a 
globule of molten iron, which expands suddenly on soliditica- 
tion, and so subjects its inclusions to great atomic pressures, 
Moissan* has shown that the carbon crystallizes in the form of 
carbonado and diamond, of very high specific gravity and 
hardness. The substance in this case is a single element 
throughout, its atom has retained a constant weight but the 
molecule has continuously increased in weight under pressure, 
hence the number of atoms in the molecule has increased with 
the hardness. This accords with the determinations by Bot- 
tonet that the hardness of metals varies as the specific gravity 
divided by the atomic weight, which quotient, as Turner} has 
pointed out, varies directly as the number of atoms in a unit 
space. 

"have structure in the element; atomic and molecular 
structure in the crystalline compound ; atomic, molecular and 
sub-microscopic structure in the amorphous or crypto-crystal- 
line substances; atomic, molecular (sub-microscopic) and 
mechanical structures in the crystalline or fragmental aggre- 
gates :—all of these influence hardness as measured by physical 
abrasion tests; hence for comparative results of scientific value 
it is important that definite crystals or wholly amorphous sub- 
stances be selected. If this is done, abrasion tests, delicately 
conducted, may give very valuable data concerning the inti- 
mate structure of solids: Exner§ has shown very interesting 
relations between the directions of resistance to abrasion and 
erystalline form: Pfaff| has barely touched upon a wide field 
of research in his experiments on the mean hardness variations 
of minerals in isomorphous series, and the relation of the cohe- 
sion constants to the other physical properties. And, finally, 
as an aid to the differentiation and determination of the crys- 
talline minerals, there is no reason why a thoroughly defined 
method may not give very constant results. 

Former instruments have had three chief sources of error: 
(1) personal variability due to using “ visibility” as determi- 
nant; (2) inequalities of mineral surface ; (3) undefined details 
of instrument. To eliminate (1), the depth of abrasion should 
be definite and measurable: to eliminate (2), the surface should 
be artificial and defined, and the boring method, where only a 
very small portion of the surface is initially touched, should 
be used: this, at the same time, gives a mean value for all 
directions in the surface; to eliminate (3), every part of the 


* Comptes Rendus, 1894 and 1895. 
¢ Loc. cit. cit. § Loc.cit. | Sitz. k. k. Bayer. Akad., 1884, p. 255. 
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instrument, including the abrader, should be minutely defined, 
and, for comparative determinations, an empirical standard 
should be adopted. 


The Microsclerometer. 


The author’s object in the present research is to describe an 
instrument so precisely adjusted as to eliminate these earlier 
sources of error. The quality which it is proposed to measure 
is the resistance opposed by a body to the removal of particles 
of its substance by a defined diamond point, moving in con- 
tact with it under uniform conditions. The instrument is 
applied to the microscope, so that it may be used for either 
thin sections or crystal faces; it is believed that the tests 
described will eventually be of determinative value in petrog- 
raphy. The adjustments of the instrument are such that any 
of the variable elements in the process of abrasion may be 
made functional while the others are maintained constant ; but 
the best movement for obtaining a mean value is the rotary 
movement described by Pfaff, the number of rotations of the 
boring point indicating the hardness of the substance relative 
to the abrading point. 

The instrument is shown in Plate XII, adjusted to the large 
Fuess microscope No. 1. Fig. 1 shows the plan, and fig. 2 the 
vertical elevation. The principle of the instrument is as fol- 
lows: A diamond point of constant dimensions is rotated on 
an oriented mineral section under uniform rate of rotation and 
uniform weight to a uniform depth. The number of rotations 
of the point, a measure of the duration of the abrasion, varies 
as the resistance of the mineral to abrasion by diamond: this is 
the property measured. The instrument consists of the fol- 
lowing parts: 

(1) A standard and apparatus for adjusting to microscope. 
(a) Foot adjustments, (4) Rotating adjustments, 
(c) Lifting adjustments, (¢) Fixing adjustments. 

(2) A balance beam and its yoke. 

(3) A’rotary diamond in its end. 

(4) Apparatus for rotating uniformly. 


(5) “ recording rotations. 
(6) = “ locking and releasing. 
(7) *“ recording depth. 


The instrument described admits of measurement with any 
one of the four variables, rate, weight, depth or duration. 
The last has been found most practical, because it gives the 
highest values and hence admits of the most delicate gradation. 

Lhe Standard.—The yoke y is supported on a brass column, 
which slides in an outer tube, and may be raised or lowered by 
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a worm at the side. The foot-block F fits the left prong of 
the U-shaped microscope foot. The distance to which it may 
be slid on this prong is limited by a set-screw n, and a second 
thumb-screw ¢ binds it in place. The outer tube T, with all the 
apparatus which it supports, rotates on the surface of the foot- 
block F, and this rotation may be given fine adjustment by the 
graduated barrel and screw R which presses against a projec- 
tion o from the foot plate 7 of the outer tube. The vertical 
rotation-axle passing through F may be made rigid in any 
position by the thumbscrew ¢,. A V-shaped extension of the 
foot-plate 7, holds the sleeve in which rotates the main pulley- 
bearing shaft g. The small pulley at the lower end of this 
shaft is connected by a belt with the power, represented in 
Plate XII as a dise and crank for rotation by hand. In the 
author’s latest experiments a clockwork motor has been used. 

The Balance Beam.—The beam, }, pivoted at a, is counter- 
poised by a weight adjustable by the screw, c. The beam con- 
sists of an upper and lower lath of brass, the space between 
being destined to receive the pulley system for rotating the 
diamond. The indicator arm bears an adjustable pendular 
counterpoise / at its lower end, to counteract the effect of the 
“top-hamper” on the beam. This arm passes through a slot 
in the lower plate of the yoke, y. 

The Diamond.—The diamond used is a cleavage tetrahe- 
dron with a perfect point. The cleavage tetrahedron may be 
obtained in duplicate in great perfection among the “ cleav- 
ings” used for making diamond cutters and pencils. The 
tetrahedra are especially valued for their pure points. As each 
tetrahedron has four points, it is not difficult to tind a point of 
perfect form among relatively few specimens. The points are 
turned upward in the field of the microscope successively, 
under a high power (No. 7) until one is found which shows 
the three edges to the uppermost focus of the instrument, 
converging to a perfect point ; the diamond selected is centered 
in its brass mount by soldering it in first roughly, and then 
turning down the brass in a jeweler’s lathe about the diamond 
point asa center. The diamond D thus mounted is held in a 
chuck by three radial centering screws. This chuck is attached 
to a vertical steel spindle which passes through the pulley, p,, 
and its pinion, and terminates in a jewel bearing against a 
smooth diamond plate in the upper lath of the beam, just 
under the point midway between the two weight pans, w. 
The sap are separated in this fashion and two weights used, 
in order to leave space for the microscope objective, which, as 


will be seen, is focussed down close to the micrometer scale, m. 
The superficial angle made by the two edges of each face of 
the diamond at its point was measured in the microscope by 
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focus levelling in the ball-and-socket clip,* followed by rota- 
tion after centering the point to the cross-hairs: the angle in 
each of the three faces was found to be 62°—showing that 
each face is not a perfect equilateral triangle but possesses a 
slight bulge or rounding. 

Apparatus for rotating.—To the upper end of the shaft, g, 
is attached a larger pulley, P: the shaft may be raised or low- 
ered freely in the lower sleeve with the rest of the apparatus. 
The pulley, p,, on the diamond spindle, is connected by a fine 
silk belt with p-: the tension of the belt is prevented from 
interfering with the action of the balance by two small pulleys, 
Psy» Po Yotating within the beam exactly in the pivot axis, and 
separated by a distance equal to the diameter of p,. The belt 
tension from without is thus applied to the balance system in 
its axis of rotation, and thus only has the effect of adding to 
the sensitiveness of the balance by assuming a portion of the 
weight which otherwise would rest wholly on the pivot bear- 
ings. Torsional strains are obviated by the parallelism of the 
two portions of the belt between p, and p,, and p, and p,. 

Apparatus for recording rotations.—The rotations of the 
diamond spindle are reduced 1/60 by two pinions and two 
gear wheels of the ordinary watch pattern. Over the second 
gear is a dial divided into sixtieths: the spindle from this 
wheel passes through a sleeve in a brass indicator plate, 7, 
which acts as a hand: in this a steel spring, 2, presses on the 
spindle, forming a friction bearing. The outer border of this 
plate carries a crown milling, against which presses the bent 
extremity of the spring lever, 7. When 7 is pressed down it 
engages with the milled edge and the spindle rotates within 
the sleeve without rotating the indicator, 7; when 7 is released, 
the tension of the spring, z, on the spindle is sufficient to 
cause this to rotate 7, and each division of the dial indicates 
one complete revolution of thediamond. A graduated toothed 
wheel, ¢,, is rotated intermittently on each complete rotation of 
t by the latter’s index arm, recording the sixties up to fifteen 
revolutions—making a total of 900 revolutions of the diamond 
possible without renewed observations. 

Apparatus for locking and releasing.—The locking appa- 
ratus affects the balance and the recording apparatus simultane- 
ously. A half rotation of Z causes an eccentric, e, to press 
upon the bar, 6, above the counterpoise, and at the same time 
to press down the spring lever, 7, and thus check the indicator, 
a. The adjustment of the lock is regulated by the thumb- 
screws, /, which limit the rotation of ZL by checking an angle- 
piece attached to the L shaft. 


* See this Journal, III, 1897, p. 129. 
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Apparatus for recording depth.—To the end of the beam on 
its upper side is pivoted horizontally a ring which may be 
inclined about the symmetry axis of the beam. In this fits a 
circular plate, m, bearing a transparent Zeiss micrometer glass 
(5™" divided into 100 parts). The plate, m, is rotary in the 
ring, so that the micrometer scale may be turned in any azi- 
muth. This device is so adjusted that the micrometer scale is 
visible in the field of the microscope at the point exactly 10" 
from the axis of rotation of the diamond point: this is one- 
sixth of the distance from the diamond axis to the beam pivots, 
a, hence any downward movement at the diamond point is 
magnified by 1/6 at the micrometer. Hence if the microscope 
is focussed on the micrometer, before and after boring with 
the diamond, the depth so measured by the fine adjustment 
screw of the microscope will be 7/6 of the actual depth bored. 
If, now, m be rotated until the micrometer scale stands at right 
angles to the beam, and be then tipped gently, an inclination 
may be found where, under a high power, only one line of the 
micrometer scale is in focus at a time, and a downward focus 
of precisely -01™" or 10 microns (micromillimeters) is necessary 
to bring the next lower line on the slope into focus. Con- 
versely, if we focus on the lower line and allow the diamond 
to bore its way down 10y, the next higher line of the microm- 
eter glass will come into sharp focus only when that depth is 
reached. We thus have here an extremely sensitive measure 
of depth. 

Method of using the apparatus. — The standard is first 
adjusted to the microscope foot, so that the diamond is exactly 
10" from the center of the stage (cross-hairs) as recorded on 
the stage micrometer scale movement. The preparation is 
fixed in the angle piece and clips on the stage. The beam be- 
ing in perfect balance, it is locked : record is made of the read- 
ings of 7,7, and #2. Equal weights are placed on each pan. 
The mineral is centered to the cross-hairs of the microscope, 
and a part of the mineral surface is selected for the test under 
the low power, No. 2, whose long focus prevents the objective 
from striking m. By the stage movement the mineral is 
pushed 10", when it is exactly under the diamond. The lat- 
ter is lowered to the mineral surface until slight contact is indi- 
cated by the movement of the indicator hand: it is checked 
exactly at the point of contact—if anything a little above it. 
The lock, Z, is released so that the diamond is actually resting 
on the mineral, and the micrometer scale, m, is focussed under 
objective (No. 7) of the microscope, so that the lowermost of 
two lines near the center of the field are in focus, with the 
inclination arranged 10, to the scale division: ocular No. 3 is 
most effectual, giving considerable spherical aberration which 
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allows only the one line to be in sharp focus ata time. JZ is 
locked, and the rotation started with the clockwork at a uni- 
form speed. JZ is released, and the diamond begins to bore. 
The uniformity of the rate is indicated by the movement of 
the index hand, 7 care must be taken to note the initial posi- 
tion of 7, and to keep record of the number of times it makes 
a complete revolution. The micrometer focus is watched care- 
fully in the microscope and when the upper line appears sharp 
the lock is closed and the clockwork then checked. In this 
way the diamond is moving at a uniform rate when it begins 
to bore and when checked. 7¢ and 7, now give the hardness in 
terms of rotations of the diamond. 

The accessory parts of the apparatus are a levelling table of 
seasoned mahogany for the microscope with a sunk spirit level 
and three levelling screws, and the clockwork, which is attached 
to the levelling table by an adjustable slide for regulating the 
belt tension. 

The adjustments necessary prior to experiment are : 


Levelling table, 
Adjusting tension of belts, 


pivots, 
lock, 
foot-screws, 
counterpoises, 
ad inclination of micrometer, 


Centering diamond. 


The diamond is centered by inverting the apparatus and hold- 
ing it in a vise so that the diamond is turned upward in the 
field of the microscope. With a jeweler’s screw-driver the 
three radial screws of the chuck may be so adjusted that the 
extreme tip of the diamond rotates on the cross-hairs of the 
ocular without eccentricity: or, if it is desirable that the dia- 
mond move in a cireular path, and so describe a ring shaped 
scratch, it may be so adjusted. 


Calibration and Measurement. 


The instrument is calibrated by testing the constancy of 
each element, viz: depth, rate, the diamond point and weight. 
Tests with various weights show that the action of the diamond 
is slow, and moreover, there is a very rapid increment of resist- 
ance with increased depth. A weight of 108", rate 10 revolu- 
tions per second, gave the value for an ordinary cover-glass of 
about three thousand revolutions for a depth of -01™™. Thus 
the test occupied abuut five minutes. The increment of resist- 
ance implies increment of surface of abrasion. The constancy. 
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of this increment for different diamond points is now being 
investigated. In a future publication the calibration of the 
instrument will be described in detail; in the present work 
we shall describe only a preliminary series of tests with the 
minerals of the Mohs seale, in order to show the efficacy of the 
method. 

The Mohs scale; sclerometric values.—For these tests the 
diamond point was adjusted slightly out of center, so that it 
would abrade away a perfect ring-shaped groove and thus avoid 
the clogging of the hole noticed in Pfaff’s experiments. The 
micrometer scale m was arranged parallel to a cross-hair set in 
the 45° position from lower left quadrant to upper right, and 
the inclination of the scale was adjusted so that the two scale 
divisions nearest the center of the cross-hairs should record a 
difference of focal depth of 104. It is important that these 
focal measurements be read always on the same part of the 
tield of the ocular, as there is considerable variation in dif- 
ferent parts due to aberration. It is also necessary to adopt a 
uniform criterion of focal perfection; for the author a fine 
granular structure observed in the micrometer glass at the side 
of each scale division afforded a very sharp determinant, accu- 
rate in every case to a fraction of the value 001" or lw. The 
rate adopted for this series of tests was 6-7 revolutions of the 
diamond per second, regulated by the governor on the clock- 
work and by the tension of the belts; this was checked at 
various times throughout the series and was found to maintain 
a very uniform average; the clockwork was wound up to its 
maximum tension at the beginning of each test, and in the 
case of the harder minerals at the end of every ten minutes, 
this being determined as the period through which the, main- 
spring would maintain a uniform rate without appreciable 
change. The weight used was ten grams, which was found 
too high for the soft minerals and too low for the very hard 
ones, showing the advisability of using two sets and reducing 
to a common unit as in Pfaff’s tests: the constant weight was 
retained, however, in the following series, in order to discover 
the possibilities of the instrument, and no great value is placed 
upon these preliminary results. Many inaccuracies will be 
discovered in the results attained, especially in the case of the 
soft minerals, which are averaged in each case from three 
observations, and these show considerable diversity for the 
same mineral, depending upon variations in surface texture, 
and irregularities in the rotation induced by too great weight 
and irregular resistance, as will be mentioned. The indices 7 
and 7, were read before each test and the number of complete 
revolutions of z, was recorded during the experiment. A 
preliminary test with soft glass showed the radius of eccen- 
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tricity of the diamond point to be 08", with the filings most 
abundantly heaped outside the periphery of the ring, and a 
smaller ridge within. 


2. Gypsum. Cleavage. 
Weight 10 gm. 
Depth 10u 
Rate 6°5 rev. per sec. 
Hardness (revolutions) 8°3. 


Under such weight the diamond penetrated to the glass 
under the first thin section used almost instantly: a cleavage 
fragment was tried, and the above value is an average of bor- 
ings to several different depths, it being found impossible to 
stop the boring at exactly 10u depth, so great was the oscilla- 
tion of the scale m in the field of the microscope: this was 
caused by the eccentricity of the diamond, the point penetrat- 
ing too rapidly and meeting unequal resistances in different 
cleavage directions. This difficulty was less noticeable in the 
hard minerals. 


3. Catcire. Cleavage face. 
| 


In both gypsum and calcite the groove formed was some- 
what elliptical, instead of circular. This is due to diverse 
cohesion values for different cleavage directions as worked out 
by Exner. The initial variations in resistance force the dia- 
mond out of its normally circular path. Three tests on the 
same calcite face showed these elliptical grooves to be similarly 
oriented with reference to the cleavage fissures, the longer axis 
of the ellipse occupying an oblique position between the long 
and short diagonals of the rhomb face. This coincides with 
the determination by Franz of maximum and minimum hard- 
ness in the azimuth of the short diagonal in opposite directions. 


4, Fivorire. Octahedral cleavage. 


The depth was checked by direct focal measurement in a 
series of observations on fluorite, and was found to conform 
within 0°54 with the record given by the inclined micrometer 
m. One groove had sub-elliptical form, with a slight flatten- 
ing on one side. A series of observations to test the increment 
of resistance with increased depth gave the following values : 


Depth in yu. Revolutions. Rev. for each 5. 
10 148 74 
15 278 125 
20 459 186 


25 666 207 
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5. APATITE. Basal. 


The value is much affected by surface texture. The filings 
have a very mealy consistency, and seem to have a lubricating 
action on the work of the abrader; when the abrasion was con- 
tinued for a second 10 depth, the increment of resistance was 
enormous. The groove was elliptical, with the longer axis 
parallel to the next adjacent prism face. 


6. P Cleavage. 
H.... 4665. 


Action very constant, with uniform results for several tests. 
Ring nearly circular. Oscillation so slight that the microm- 
eter focus could be observed during the rotation. It was 
found advisable to check the rotation with the clockwork 
rather than with the lock for occasional precise observation of 
the location of the sharp focus, as in this way the diamond was 
not lifted from the groove, but remained at exactly the depth 
attained. 


7. Quartz. Basal. 
. 7648. 


Practically no vibration, very constant. 


8. Topaz. Basal. 
H.... 28867. 


9. CorunpuM. Rhombohedral cleavage. 
H.... 188808. 


With so slight a weight the duration of this test with corun- 
dum was nearly nine hours. Hence the advisability of using 
greater weight with the harder minerals: nearly all the min- 
erals of petrographic importance come into this category. 
Reducing the foregoing values to the standard adopted by 
Rosiwal, making corundum equal to 1000, we obtain the fol- 
lowing results; the values obtained by Rosiwal and Pfaff are 
appended for comparison : 


Pfaff, 1884. Rosiwal, 1892. Jaggar, 1897, 
9. Corundum.... 1000 1000 1000 
6. Topas ....... 459 138 152 
254 149 40 
6. Orthoclase.... 191 28°7 25 
5. Apatite pores 53°5 6°20 1°23 
4, Fluorite... 4°70 "75 
3. Caleite....... 15°3 2°68 26 
2. Gypsum ..-..- 12°03 "34 04 


In addition to the determination of hardness, the micro- 
sclerometer may be used for very delicate determinations of 
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the thickness of mineral thin-sections; by making contact 
with the upper surface of a mineral and then with the object 
glass level at its side we may measure thickness for the 
Chaulnes method of determining the index of refraction. Tests 
with hypersthene suggested further that by boring through 
a mineral of high double refraction to the glass beneath we 
may rapidly get a value for the amount of double refraction or 
y—a. The conical depression shows on its border the color 
rings marking various thicknesses; if we bore to red of the 
first order, make a depth reading, and then bore through to the 
glass and read again, the difference in depth gives the thick- 
ness of the mineral for red of the first order. If we do this 
on a section cut in the plane of the optic axes, so that the axis 
of mean elasticity, 6, lies in the plane of polarization of the 
microscope, we have a thickness value which will give directly, 
by reference to the calculated tables (v. Rosenbusch) the eate- 
gory to which the mineral belongs. Lastly, the use of this 
instrument in treating by actual contact the individual minerals 
of a rock section, suggests the possibility of an adaptation by 
which perhaps chemical tests may be applied directly to the 
dust in the boring. 
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Art. XLITI.— Recent Observations on European Dinosaurs ;* 
by O. C. Marsu. 


DuRING the past summer, it was my privilege to attend the 
International Congress of Geologists at St. Petersburg, as an 
official delegate from this country, and this gave me an oppor- 
tunity to see a number of museums and collections in Europe 
which I had not before visited. I thus had the privilege of 
inspecting personally many interesting reptilian remains that I 
had not previously known, and of examining others which were 
more or less familiar to me from figures and descriptions. 

In the present paper, [ have only time to speak of the Dino- 
saurs, in which I have long taken a special interest, and have 
endeavored to study all the known specimens of importance, 
both in this country and in Europe, having in view the prep- 
aration of a series of memoirs on the different groups of this 
subclass of extinct Reptilia. 


London. 


I began my investigations in the British Museumin London, 
a great treasure-house for fossil reptiles, to which I have long 
made frequent pilgrimages. This time the Dinosaurs were 
seen to better advantage than ever before, but of new or 
unknown forms I found that few had been added to the collee- 
tion since my visit two years ago; and I consoled myself with 
the other extinct Reptilia, and especially with the new fossil 
birds and mammals from South America. 


- St. Petersburg. 


In St. Petersburg I hoped to find many Dinosaurian remains, 
as here had been brought together an abundance of fossil 
treasures from various parts of the Russian Empire, which I 
knew must contain many forms of this group. In the four 

rincipal museums of the city, however, I could find no bones of 
Shaaaais on exhibition, nor could I learn from any of the 
museum authorities that such remains had been recognized 
among the specimens received, neither could I find any such 
fossils myself among the debris of the collections, so often a 
rich repository for new or inconspicuous specimens. This was 
true, also, of the smaller collections visited, and I was at last 
forced to admit that here, at least, the Dinosaurs of Russia, 
like the snakes of Ireland, were conspicuous only by their 
absence. 

* Abstract of Communication made to the National Academy of Sciences, 
Boston Meeting, November 16th, 1897. 
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Moscow. 


This opinion was not changed by a visit to the rich geologi- 
cal collections of Moscow, which I examined with care; 
although other fossil vertebrates, including many reptiles, were 
abundantly represented. I was assured, moreover, by various 
Russian paleontologists, that in other museums of the empire 
or in the known localities they had seen no Dinosaurian 
remains. This vain quest, however, only proves that the dis- 
coveries are yet to be made, and I confidently expect them at 
no distant day, since in almost every other part of the world 
Dinosauria have already been brought to light. In northern 
Europe west of Russia, and in North America to the east, 
these reptiles were especially abundant, and the vast territory 
intervening must contain numerous Dinosaurs, including many 
new forms of the group. 


Vienna. 

In Vienna I knew that my friend Professor Suess had a 
large collection of Dinosaurs in his museum to show me, : 1d I 
spent several days there in their investigation. This collec. 
was of special interest to me, as it was from the Gosau fresi. 
water deposits, which, as a student, years ago, I explored 
mainly in the expectation of finding Cretaceous mammals; and 
I was not without hope of still detecting such remains during 
my present visit, as here were the localities where they were, 
in my judgment, most likely to be found in Europe. The 
Dinosaurs I examined were from Neue Welt in this formation, 
and were of great interest. They had all been studied by 
Bunzel, Seeley, and others, who had recognized ten or twelve 
distinct genera and many species among them. I could find, 
however, not more than a quarter of this number, and among 
these I found no indications of the Cevatopsia, which from the 
published figures and descriptions I supposed to be represented 
in this collection. The Dinosaurs with dermal armor which I 
saw, all pertained to the Stegosauria, and two distinct genera 
among them were more nearly like Scelidosaurus of the Eng- 
lish Jura, and Wodosaurus of the American Cretaceous, than 
any others with which I am familiar. This collection con- 
tained the only Dinosaurian remains I could find in Vienna. 


Munich. 

I next went to Munich, which, under Professor von Zittel, 
has become a great center for paleontology. I found that the 
gem of the collection is still the unique Compsognathus, which 
in several previous visits I had studied with care. A reéxam- 
ination impressed me even more with the fact, that this is one 
of the most perfect and interesting vertebrate fossils yet dis- 
covered, and no other example of the genus is known. It was 
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in this unique specimen that years before I had detected the 
embryo, and this fossil still affords the only known evidence 
that Dinosaurs were viviparous. I could find no other Dino- 
saurian bones of interest in the Munich collection, the new 
features being mainly numerous fine specimens of Mosasauria 
from America, and some interesting remains of //esperornis 
and Baptornis from the same horizon in Kansas. 

I was much pleased to see here the new Jurassic fossils col- 
lected by Nansen in 1896, at Cape Flora, in Franz Josef Land. 
These interesting remains are now under investigation by Dr. 
J. F. Pompeckj, assistant in the Munich museum. I could 
detect no vertebrate fossils among them, although various 
indications favor their presence in this fauna. 


Paris. 


My limited sojourn in Paris gave me no opportunity for a 
careful examination of the museums there, but I could learn 
of no recent additions of Dinosaurian remains since my last 
visit two years before. 


Caen. 


I next went to Caen, in Normandy, to see the famous 
Dinosaur Potkilopleuron, so well described by Deslongchamps 
many years ago. Through the kindness of my friend Professor 
A. Bigot, I had a good opportunity to study this unique speci- 
men, which of late has been regarded as identical with the 
Megalosaurus of Buckland, the first genus of Dinosaurs 
described, and one about which little is yet known. 

Among the undetermined material of this museum, I was 
greatly pleased to find the genus Pleurocalus well represented 
by characteristic fossils, and from a well-defined Jurassic 
horizon in the vicinity of Havre. The species appears to be a 
new one, somewhat smaller than Plewrocelus suffosus from 
the Kimmeridge of Swindon, England. It resembled still more 
closely Pleurocelus nanus, which I have described from the 
Potomac formation of Maryland. 

Pleurocelus is one of the most characteristic genera of the 
Sauropodous Dinosauria, and its value in marking a geolog- 
ical horizon should therefore have considerable weight. 
It is now known from the two European localities mentioned 
above, both in strata of undoubted Jurassic age. The same 
genus is well represented in the Potomac deposits of Maryland, 
and has been found, also, in the Atlantosaurus beds of Wyo- 
ming, thus offering, with the associated fossils, strong testimony 
that the American and European localities are in the same 
general horizon of the upper Jurassic. 

Am. Jour. Sor.—Fourts Series, Vou. IV, No. 24.—Dec., 1897. 
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Havre. 


The last day at my disposal before sailing for America, I 
spent in Havre, in the Muséum d’ Histoire Naturelle, where 
the director, M. Lennier, showed me many vertebrate fossils of 
interest, from the well-known localities near the city. -Here 
again, among the fragmentary specimens not yet investigated, I 
found the bones of another Dinosaur, also one of the Sauro- 
= but considerably larger than the Pleurocelus at Caen. 

he remains were very similar to those of Jlorosaurus, and 
the horizon was in the Kimmeridge, which is here well defined. 


From Havre, I crossed the Channel to Southampton, and 
with a parting look at the Wealden cliffs of the Isle of Wight, 
which have furnished the remains of so many interesting 
Dinosaurs, I sailed for home. 

Yale University, New Haven, Conn., November 13, 1897. 
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Art. XLIV—On the Sapphires from Montana, with special 
reference to those from Yogo Gulch in Fergus County ; by 
GrEorGE F, Kunz. 


THE existence of sapphires in the State of Montana has 
been known for some years past, and has attracted considerable 
attention. Several localities are now known and several dis- 
tinct modes of occurrence. They were first found in trans- 
ported gravels along the bars of the Upper Missouri; then 
they have been found in the earthy product of decomposed 
dikes, and lastly farther down in the unaltered igneous rock 
itself; the succession thus presents a close parallel to the his- 
tory of the diamond-workings in South Africa. 

The first published description of the Montana sapphires 
was by the late Dr. J. Lawrence Smith, in this Journal (ITI, 
vol. vi, p. 185, September, 1873). He there said: ‘These 
pebbles are found on the Missouri River near its source, about 
sixty-one miles above Benton; they are obtained from bars on 
the river, of which there are some four or five within a few 
miles of each other. Considerable gold is found on these bars, 
it having been brought down the river and lodged there ; and 
the bars are now being worked for gold. The corundum is 
scattered through the gravel (which is about five feet deep 
upon the rock bed. Occasionally it is found in the gravel an 
upon the rock bed in the gulches, from forty to fifty feet 
below the surface, but it is very rare in such localities.” 

A fuller account of the conditions and yield was given by 
the author in his volume on “Gems and. Precious Stones of 
North America,” published in 1890 (pp. 48, 49); he subse- 
quently visited the locality and examined it carefully, publish- 
ing the results in the Appendix to the same work (pp. 340, 
342). 

In 1891 the first serious attention began to be paid to the 
mining of sapphires in this district. The bars consist of an — 
auriferous glacial gravel; and in working them for gold, sap- 
phires were obtained as a by-product. By 1890 companies 
began to be formed and claims taken up and examined with a 
view to sapphire-mining. The region extends for some six 
miles along the Missouri River, the central point being Spo- 
kane Bar, twelve miles east of the city of Helena. Other 
names, such as Emerald Bar, Ruby Bar, French Bar, Eldorado 
Bar, etce., were given to different points of the area. The 
gravel rests on a slaty bed-rock and the author found min- 
erals besides gold and sapphires; among these are small crys- 
tals of white topaz, garnets in rounded grains often of rich 
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color and miscalled rubies, cyanite, stream-tin, chalcedony, 
limonite pseudomorphs after pyrite nodules, ete. At Ruby 
Bar two facts of great significance were encountered, bearing 
on the age of the gravel and the source of the gems. The 
writer saw and measured a mastodon tusk three feet long, 
embedded in the sapphire layer of the gravel; and a dike was 
found cutting the slaty bed-rock beneath; in this dike were 
erystals of sapphire, pyrope and sanidin. All these facts were 
described by the writer in the Mineralogical Magazine (vol. ix, 
396, 1891), together with an account of the rock by H. 
_ Miers (loc. cit.), who characterized it as a “vesicular mica- 

augite-andesite,” abounding in brown mica and porphyritic 
erystals of augite, with a ground-mass of feldspar microlites 
and brown glassy interstitial matter, with magnetite. 

Two years before, indeed, in 1889, the writer had seen some 
specimens of a trachytic rock, enclosing well-defined crystals 
of sapphire similar to those of Eldorado Bar, from a dike some- 
what farther up the river. These facts, which were referred 
to in the ‘‘Gems and Precious Stones of North America” 
(p. 49), and the Appendix (p. 341), sufficiently showed the 
source of the gems as coming from the erosion of dikes of 
igneous rock. 

More recently sapphires have been found throughout a con- 
siderable district lying some seventy-five to a hundred miles 
east of the Missouri bars, the principal point being Yogo 
Gulch, on the Yogo fork of Judith River near its head- 
waters, in Fergus County, Montana, on the eastern slope of 
- the Little-Belt Mountains. The nearest town is Utica, fifteen 
miles to the northwest, in the same county. The sapphires 
occur over a somewhat extended area, which is being explored 
and laid out in claims. They are imbedded in a yellow earthy 
material, from which they may be washed out by sluicing, as 
for gold, the heavy crystals gathering at the bottom. Mr.8. 8. 
Hobson, of Great Falls, Montana, the original discoverer of 
the gems at Yogo Gulch, states that at that point there are two 
veins (dikes ?) containing sapphires, which have been traced 
for a distance of seventy-five hundred to eight thousand feet 
in an east-and-west course, about eight hundred feet apart. 
One of these is seventy-five feet wide, and consists of a “ yel- 
low earth” (i. e. completely decomposed). It has been found 
that what was supposed to be the end of the “ vein” is really 
a fifty-foot fault, and that the vein can be traced very much 
farther. In working down to a,greater depth, the unaltered 
igneous rock has been reached, and its full description is given 
in an accompanying article by Prof. L. V. Pirsson. 

These Yogo Gulch sapphires have been referred to by the 
writer in the 16th and 17th Annual Reports of the U.S. Geo- 
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logical Survey, in a chapter on The Production of Precious 
Stones,—especially in No. 17, for 1895, p. 909; they will be 
further described in No. 18, for 1896. 

Other localities are also coming to light in the same State ; 
one of these is at Rock Creek, Granite County, thirty miles 
from Phillipsburg, where the gems are reported of good blue 
color, with other tints, and some pale rubies; another is on 
Cottonwood Creek, eighteen miles from Deer Lodge,—the 
stones being of varied colors, red, pink, yellow, and occasion- 
ally blue; the third has been recently announced in Choteau 
County. 

As regards the gems themselves, marked differences appear 
in those from the two principal Montana regions. All are of 
small size, but they differ in crystallization. Those from the 
Missouri gravels are characterized by the presence of the pris- 
matic faces, with the basal plane, and rarely any of the rhom- 
bohedral modifications,—the prevailing forms being hexagonal, 
either prismatic or so short as to be tabular. A_ beautiful 
example of this type is figured in “ Gems and Precious Stones 
of North America” (colored Plate I, fig. C). The specimens 
from the minor localities have generally a similar type of form. 
The Yogo Gulch erystals, on the other hand, are largely rhom- 
bohedral, with the basal plane more or less present, but the 
prismatic and pyramidal faces hardly at all. The rhombohe- 
dron 2, which is prominent in these crystals, as shown in the 
figures and descriptions of Dr. J. H. Pratt, has the remarkable 
interest of being new to this species. Other very noticeable 
features which the writer was the first to observe and point 
out, are the striations on the basal plane parallel to its intersec- 
tions with the rhombohedron, and sometimes rising into steps 
as the oscillation becomes a replacement, as well shown in Dr. 
Pratt’s figures (Figs. 1la—14a, p. 427), and the singular depres- 
sions on the basal plane in other crystals (Figs. 5-10, p. 425), 
their sides being formed by faces of the inverse rhombohe- 
dron, sometimes meeting in a point, and at other times trun- 
cated and floored by a basal plane. 

We have here two distinct types of crystallization in the 
same mineral, from the same State, and produced apparently 
under similar conditions in igneous rocks. It will be extremely 
interesting to learn, by further exploitation and study, whether 
these two types bear any fixed or definite relation to the par- 
ticular variety of eruptive rock in which they occur. The 
accounts thus far given of the rocks examined seem to suggest 
such a possibility. 

As to the value of the early Montana sapphires in jewelry, 
it is hardly possible yet to predict how far it may be really 
important. Much beautiful material has already been obtained, 
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but little of high value. Those from the Missouri bars had a 
wide range of color,—light blue, blue-green, green, and pink, 
of great delicacy and brilliancy, but not the deep shades of 
blue and red that are in demand for fine jewelry. As semi- 
precious or “ fancy ” stones, they have value, however. 

The Yogo Gulch-Judith River region is more promising, the 
colors varying from light blue to quite dark blue, including 
some of the trne “cornflower” tint so much prized in the 
sapphires of Ceylon. Others incline to amethystine and almost 
ruby shades. Some of them are “ peacock blue” and some 
dichroic, showing a deeper tint in one direction than in 
another; and some of the “cornflower” gems are equal to 
any of the Ceylonese, which they strongly resemble,—more 
than they do those of Cashmere. Several thousand carats 
were taken out in 1895, from a preliminary washing of one 
hundred loads of the “earth ;” of these, two hundred carats 
were of gem quality and yielded, when cut, sixty carats of 
fine stones worth from $2 to $15 a carat. All, however, are 
small, none having yet been obtained of more than 14 carats 
in weight. 

Mineralogically, the Montana sapphires possess great interest. 
The accompanying papers of Prof. Pirsson and Dr. Pratt pre- 
sent the petrological and crystallographic aspects in detail, and 
to these the reader is further referred. 
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Art. XLV.—On the Corundum-bearing Rock from Yogo 
Gulch, Montana ; by L. V. Pirsson. 


THE corundums whose occurrence and character have been 
described in the foregoing paper, are found in a dike of igne- 
ous rock cutting the sedimentary beds near the entrance of 
Yogo Gulch. While the corundums, which are washed out as 

ems, occur in that portion of the dike which has been highly 

altered and decayed, comparatively little altered material is 
also obtainable, and the opportunity to study a specimen and 
some sections cut from it the writer owes to the kindness of 
Mr. W. H. Weed of the U. 8S. Geological Survey. 

In the hand specimen the rock is of a dark gray, basic 
appearance and has an uneven fracture. It contains light 
green or white included fragments which form its most con- 
spicuous feature, and these angular inclusions are probably 
pieces of limestone broken off and carried upward by the fluid 
rock in its ascent. They vary in size from those of micro- 
scopic dimensions to some that are a centimeter across. Many 
of them consist entirely of calcite, while others appear to be 
made up wholly of a pale green mineral which is probably a 
pyroxene. The largest inclusions show a reaction rim of the 
same green pyroxene, the rim being about one millimeter 
thick, while the entire center is of calcite with scattered prisms 
of the same green pyroxene. The rock itself shows only a 
few scattered tablets of mica two or three millimeters in diam- 
eter as phenocrysts, while the groundmass glitters with minute 
flecks of biotite, and considerable pyroxene is seen. 

It is in this rock that the sapphire occurs imbedded in large, 
distinct, well-formed crystals as described in the previous 
paper. They show the corroded, etched surfaces characteris- 
tie of this occurrence and often have traces of a blackish erust 
upon them. 

Microscopical. In thin section the rock at once shows its 
character as a dark, basic lamprophyre, consisting mainly of 
biotite and pyroxene. There isa little iron ore present, but 
its amount is small and much less than is usually seen in rocks 
of this class. The biotite is strongly pleochroic, varying 
between an almost colorless and a strong,, clear, brown tint. 
It oceurs in ragged masses, rarely showing crystal outline, and 
it contains a large amount of small apatite crystals. The 
pyroxene is of a pale green tint with the habit of diopside 
and is filled with many inclusions, now altered but probably 
originally of glass; in some crystals these inclusions are so 
abundant as to render the mineral quite spongy. The grains 
sometimes show crystal form but are mostly anhedral and vary 
in size, though the evidence is not sufficient to show two dis- 
tinct generations. 
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These two minerals lie closely crowded together and no 
feldspars are seen in the rock. The interstices between them 
consist of a small amount of a clouded, brownish, kaolin-like 
aggregate, which appears to represent some former feldspath- 
oid component, possibly leucite, perhaps analcite. The rock 
appears to have its closest affinities in the monchiquite group, 
of which it may be considered a basic, somewhat altered type. 
The abundance of biotite shows its relation to the minettes, 
but the rock is much richer in the ferro-magnesian components 
and lacks the feldspar of the minettes. It has evidently a close 
affinity with the minettes and shonkinite of the region whose 
occurrence has been already described,* and is clearly a more 
basic form of the same magma. It has the same richness in 
biotite and pyroxene as these, but differs in the feldspathic 
component. The Yogo Peak center is but a small number of 
miles distant from the locality. 

Some calcite in agglomerated granules is also seen in the 
section and this, as is so often the case in lamprophyres, does 
not appear as if secondary in origin and is probably due to 
limestone fragments picked up as previously mentioned. 

Origin of the sapphires. The occurrence of such well- 
crystallized corundum in a basie igneous rock is of great 
interest. It seems clear, from the many different ways in 
which this mineral occurs, that there must be several methods 
in nature for its formation. The association with metamor- 
phic rocks such as gneisses, schists, ete., is well known and its 
occurrence with granites is also not uncommon. In all these 
cases, however, the association is with older, metamorphic or 
granular crystalline rocks, and we know of its occurrence in 
more recent, undoubted, basic, igneous rocks in but few cases. 
Lagorio,+ in an article to be mentioned presently, gives a list 
of the known occurrences of corundum in igneous rocks, their 
tuffs, ejected fragments and contact zones. The number of 
occurrences where the mineral is found imbedded in igneous 
rocks is small, and to them the author can add Unkel on the 
Rhine and Steinheim near Frankfort on the Main, where, 
as he has observed, small blue sapphires enclosed in the fresh 
basalt have been found. 

By a series of important and interesting experiments Moro- 
zewicezt showed that molten glass of a basic character dissolved 
alumina readily and in large quantity, and from this, on cool- 
ing, corundum and spinel crystals separated out. Lagorio,§ in 
commenting on these results and adding details of some exper- 
iments of his own, showed that tlie former idea which had 
been held concerning the origin of corundum in igneous rocks 

* This Journal, vol. 1, 1895, p. 467. 


+ Zeitschr. fiir Kryst., vol. xxiv, p. 285, 1895. 
¢ Ibid., vol. xxiv, p. 281, 1895. § Op. cit., supra. 
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should now no longer be urged. This idea was that such 
corundums had been torn loose from some place below where 
they had previously existed, and being infusible had spread 
themselves through the magma. Others again recognized in 
these corundums infusible but recrystallized portions of rock 
fragments enclosed in the magma, other portions being con- 
verted into spinel, cordierite, ete. Lagorio points out, how- 
ever, that this could not be the case, as corundum dissolves 
in molten glasses, and he calls attention to the confusion which 
has existed between fusibility of compounds in molten masses 
and their solubility in the same, the two being quite distinct. 
The characteristic form of corundum occurring with igneous 
rocks is the thin, flat, hexagonal table with low rhombohedron, 
described in the following paper. 

This occurrence at Yogo Creek is an important addition to 
the list of pyrogenetic corundum. The clear-cut form of the 
erystals and their general distribution shows that they have 
erystallized out of “the magma with as much certainty as the 
well formed phenocrysts ‘of feldspar in a porphyry betray 
their origin. 

The general character of the rock, however, and its close 
relationship to the minettes and shonkinite of the region 
shows that it could not originally have been sufficiently rich 
in alumina to have allowed a general separation out of corun- 
dum. The condition of it, as mentioned above, shows that the 
magma took up great quantities of inclusions from the sedi- 
ments through which it passed. Among these sediments must 
have been a ‘great, though unknown, thickness of the Belt for- 
mation, consisting of clay shales. This formation lies between 
the Archean gneisses and the lowest beds of recognized 
Cambrian. The liability of the beds to be shattered by igne- 
ous rocks ascending through it and included as fragments, “has 
already been shown elsewhere.* 

Such included fragments of shale, if the magma maintained 
its heat sufficiently, as confined in dike form it naturally would 
do, would eventually be dissolved, as the experiments described 
show. There would thus be formed local areas in the magma 
very rich in alumina, which, on cooling, would allow ery stals 
of corundum to separate out. This explanation seems to us 
most in accord both with the facts observed in the field and 
those obtained by experiment in the laboratory. The form of 
the crystals is also in accord with that of the pyrogenetic 
corundums. 

This occurrence then agrees well with the experiments and 
views of Lagorio and is indeed an important confirmation of 
them. 

Mineralogical Petrographical Laboratory, Sheffield Scientific School, Yale Uni- 
versity, New Haven, June, 1897. 

* Geology of Castle Mt., Bull. 139, U. S. Geol. Survey, p. 72. 
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ArT. XLVI.—On the Crystallography of the Montana Sap- 
phires; by J. H. Prarr. 


THE sapphire crystals from Yogo Gulch, Montana, are 
etched and striated to such a degree that no crystallographic 
measurements were possible on the reflecting goniometer; but 
sufficiently accurate angles could be obtained with the contact 
goniometer to allow of the identification of the faces. 

The prism of the second order a(1120) which is so common 
on corundum was not observed on any of the crystals from this 
locality. The only two faces that could be identified were the 
base c(0001) and the rhombohedron 2(3032) which is a new 
face for corundum. On one erystal, two very small faces were 
observed, which were too small to be measured with the con- 
tact goniometer, but were probably the faces of a pyramid of 
the second order. 

In determining the rhombohedron, ten or more independent 
measurements were made of caw. These varied from 66° to 
68°, but approximated closely to 67°, which agrees very well 
with the calculated value, 67° 3’, for 0001 4 3032. 

The crystals are developed as shown in figs. 1, 2 and 3,. 
page 425, the prevailing type being like fig. 3. The crystals 
vary from those where the base is very largely developed, hav- 
ing a diameter of 8", while the rhombohedron is only 1™", to 
those that have the base and rhombohedron equally developed. 
(Fig. 1). Where the faces are more equally developed, the 
rhombohedral faces are generally rounded. 

The basal plane often shows characteristic striations which 
are parallel to the three intersections of the base ¢, and the 
rhombohedron a, as shown in fig. 4. These lines are sharp and 
distinct and on the very flat crystals can easily be measured, 
when examined under the microscope. The rhombohedral 
faces are very roughly striated without showing any distinct 
parallel lines. 

One very common development of these crystals is a repeated 
growth on the basal plane, of the rhombohedron #(3032) and 
the base, c(0001), as represented in fig.2._ These growths are very 
varied, as is shown in figs. 11-14 (p.427), where they are drawn 
in basal projection. In fig. 11, there is but one secondary rhom- 
bohedron and base, which has one of its rhombohedron faces a 
continuation of one of the rhombohedron faces of the crystal. 
Fig. 12 represents a repeated growth, each face of which is 
entirely distinct from the faces of the main crystal. In fig. 13 
there are represented two and in fig. 14 a series of such 
growths, where a number of the rhombohedral faces coincide. 
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These growths occur most frequently on the flat crystals. The 
thickness of the rhombohedron rarely reaches 1™" and often 
they are so thin, that they appear like striations. Figs. 1la— 
14a, representing the same crystals as figs. 11-14, have been 
drawn as they appear under the lens, which brings out the rela- 
tion of the base and rhombohedron to better advantage. 

Bauer* in a recent article, entitled “ Ueber das Vorkommen 
der Rubine in Birma,” has described this same style of develop- 
ment as occurring on the Burma rubies, but it is not so gen- 
eral as on the Montana corundums. 

Etching-figures.—The etching-figures, which were observed 
on nearly all the crystals examined, were on the basal plane. 
The figures are very perfect, and although showing many dif- 
ferent forms, they all have a rhombohedral symmetry. Fig. 5 
represents the common etching-figure, which is a rhombohe- 
dral depression terminating in a point. The edges of the 
depression are sharp and well-defined, as are also the intersec- 
tions of the rhombohedral faces of the depression. These 
rhombohedral faces were smooth and gave fair reflections of 
the signal on the reflecting goniometer. In measuring them, 
all the crystal but the depression to be measured was covered 
with a thin coating of wax. Two different crystals were 
measured, which gave for rhombohedron on rhombohedron 
22° 30’; this corresponds to the rhombohedron 1017, for which 
the calculated value is 21° 50’. The same style of figures were 
observed whose edges were parallel to those of the negative 
rhombohedron ; these, however, are not common in isolated 
figures. 

Another common form is represented in figs. 6 and 7, where 
the depression is bounded by the basal plane, which at times is 
so large that the rhombohedral plane is hardly visible. Fig. 8 
represents etching-figures, where, on the basal plane of a snal- 
low depression, there is another and sotnetimes two other etch- 
ing-figures. These second etching-figures are like the common 
ones shown in fig. 5. The outer rhombohedral contour of these 
figures is generally rounded; this is also usually the case with 
the deeper depressions. 

Often the etching-tigures are intergrown (fig. 9) and when 
many of these occur together they have the appearance of 
raised figures, rather than of depressions. This raised appear- 
ance is very striking, when there is a combination of the plus 
and minus rhombohedron in parallel position and without over- 
lapping each other (fig. 10). 

The figures vary considerably in'size, but most of them are 
near 1™™ in diameter. A few were observed that were nearly 
in diameter. 

* Neues Jahrbuch fiir Min. Geol. und Pal., ii, p. 209, 1896. 
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Bauer* has described etching-figures that he observed on the 
base 0001 and the pyramid 2243 of the Burma rubies. Those 
on the base are similar to the figures in fig. 5, except that the 
outside contour of the rhombohedron is rounded. 


Sapphires from Emerald Bar, Montana. 


The crystals from Emerald Bar, Cafion Ferry, Meagher Co., 
Montana, are entirely different in their development from those 
from Yogo Gulch. The prism a@(1120) is always present and 
is usually in combination with the base c(0001) and the unit 
rhombohedron, 7(1011), fig. 17. On some of the crystals, how- 
ever, the rhombohedron is wanting and the prism is very short 
as represented in fig. 16. Fig. 15 represents a crystal termi- 
nated by a pyramid of the second order in addition to the base 
and rhombohedron. The measured angles only approximate 
to the caleulated ones for the face 2243, but as this is the com- 
mon pyramid for corundum it seems very probable that it is 
the face. The crystal was only well terminated at one end. 
The crystal is similar to one figured by Bauer from the Burma 
district. 

The crystals are all rough and more or less striated, so that 
the measurements with the contact goniometer were only 
— but were sufficiently accurate to identify the 

aces. 

The repeated growth described above was also observed on 
the Emerald Bar crystals but not in any variety of forms. 
Only one form of growth was observed, represented in fig. 17, 
page 427, which is a combination of the unit rhombohedron 
and the base. 

None of the etching-figures so common on the Yogo Gulch 
crystals were found on these crystals. 

Mineralogical Petrographical Laboratory, 

Sheffield Scientific School, New Haven, Conn. 


*L.c., p. 213. 
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Art. XLVII.—£lectrical Measurement by Alternating Cur- 
rents ; by Henry A. ROWLAND. 


THE electrical quantities pertaining to an electric current 
which it is usually necessary to measure, outside of current, 
electromotive force, watts, ete., are resistances, self and mutual 
inductances and capacities. I propose to treat of the measure- 
ment of alternating currents, electromotive force and watts in 
a separate paper. Resistances are ordinarily best dealt with by 
continuous currents, except liquid resistances. I propose to 
treat in this paper, however, mainly of inductances, self and 
mutual, and of capacities together with their ratios and values 
in absolute measure as obtained by alternating currents. I 
also give a few methods of resistance measurement more accu- 
rate than usually given by means of telephones or electrody- 
namometers as usually used and specially suitable for resistances 
of electrolytic liquids. 

I have introduced many new and some old methods, depend- 
ing upon making the whole current through a given branch 
circuit equal to zero. These always require two adjustments 
and they must often be made simultaneously. However, some 
of them admit of the adjustments being made independently 
of each other, and these, of course, are the most convenient. 
But all these zero methods do not admit of any great accuracy 
unless very heavy currents are passed through the resistances. 
The reason of this is that an electrodynamometer cannot be 
made nearly as sensitive for small currents as a magnetic 
galvanometer. The deflection of an electro-dynamometer is as 
the square of the current. To make it doubly sensitive 
requires double the number of turns in doth the coils. Hence 
we quickly reach a limit of sensitiveness. It is easy to measure 
an alternating current of ‘0001 ampere and difficult for -00001 
ampere. A telephone is more sensitive and an instrument 
made by suspending a piece of soft iron at an angle of 45°, as 
invented by Lord Rayleigh, is also probably more sensitive. 

For this reason I have introduced here many new methods, 
depending upon adjusting two currents to a phase-difference of 
90° which I believe to be a new principle. This I do by pass- 
ing one current through the fixed and the other through the 
suspended coil of an electrodynamometer. By this means a 
heavy current can be passed through the fixed coils and a 
minute current through the movable coil, thus multiplying 
the sensitiveness possibly 1000 times over the zero current 
method. 

I have also found that many of the methods become very 
simple if we use mutual inductances made of wires twisted 
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together and wound into coils. In this way the self induc- 
tances of the coils are all practically equal and the mutual 
inductances of pairs of coils also equal. Hence we have only 
to measure the minute difference of these two to reduce the 
constants of the coil to one constant, and yet by proper connec- 
tions we can vary the inductances in many ratios. Three 
wires is a good number to use. However, the electrostatic 
induction between the wires must be carefully allowed for or 
corrected if much greater accuracy than ;}, is desired. 

By these various methods the measurement of capacities and 
inductances has been made as easy as the measurement of 
resistances, while the accuracy has been vastly improved and 
many sources of error suggested. 

Relative results are more accurate than absolute as the period 
of an alternating current is difficult to determine, and its wave 
form may depart from a true sine curve. 

Let self inductances, mutual inductances, capacities and 
resistances be designated by L or 7, M or m, C or ec, and R or 
7 with the same suffixes when they apply to the same circuit, 
the mutual inductance having two suffixes. Let } be 27 
times the number of complete periods per second, or b = 27m. 
The quantities DL, 1M or FG are of the dimensions of resist- 
ance and thus b°LC or have no dimensions. 0°LM, 

4 
= or ~ have dimensions of the square of resistances. 

Where we have a mutual inductance M,,, we have also the 
two self inductances of the coils L, and L, When these coils 
are joined in the two possible manners, the self inductance of 
the whole is 

L,+L,+2M,, or L,+L,—2M,,. 
In case of a twisted wire coil the last is very small. Likewise 
L,L,—M’,, will be very small for a twisted wire coil, as is found 
by multiplying the first two equations together. 

If there are more coils we can write similar equations. For 
three coils we have 

L,+L,+L,+2M,,+2M,,+2M,, 

1 L,+L,+L,—2M,,—2M,,+2M,, 

2. L,+L,+L,—2M,,+2M,,—2M,, 

3. L,+L,+L,+2M,,—2M,,—2M,, 
Connecting them in pairs, we have the self inductances 
L,+L,+2M,, L,+L,+2M,, L,+L,+2M,, 
L,+L,—2M,, L,+L,—2M,, L,+L,—2M,, 


There are many advantages in twisting the wires of the 
standard inductance together, but it certainly increases the 
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electrostatic action between the coils. This latter source of 
error must be constantly in mind, however, and, for great accu- 
racy, caleulated and corrected for. But by proper choice of 
method we may sometimes eliminate it. 

For the most accurate standards, I do not recommend the 
use of twisted wire coils, at least without great caution. But 
for many purposes it certainly is a great convenience, espe- 
cially where only an accuracy of one per cent is desired. In 
some calculations I have made, I have obtained corrections of 
from one to one-tenth per cent from this cause. 

For twisted wires the above results reduce to 3L+6M, 
3L—2M. Similar equations can be obtained for a larger num- 
ber of wires. For twisted wire coils, 2 wires joined abreast, 


the self induction is zte—ue which is practically equal to 


Lor M. The resistance is R/n. 
When we have n = p+m wires twisted and wound in a coil 


and we connect them p direct and m reverse, the resistance and 
self induction will be 

+ BC—nAB] q 

(nR)? + (6C)? (nR)* + 

where R is the resistance of one coil and 

A =L+(n—1)M 

B=L-—M 

C= nL+(4mp—n)M 
This gives self inductances and resistances equal or less than 
Land R. The correction for electrostatic induction remains 
to be put in. For the general case, the equation is very com- 
plicated for coils abreast, with mutual inductances. 

The number of mutual inductances to be obtained is M for 
two wires, 0, M, 2M for three wires, 0, M, 2M, 3M for four 
wires, ete. From these results we see that we are always able 
to reduce mutual toself inductance. Measuring the self induct- 
ance of a coil connected in different ways, we can always deter- 
mine the mutual inductances in terms of the self inductances. 

Thus we need not search for methods of directly comparing 
mutual inductances with each other, although I have given 
two of these, but we can content ourselves with measuring 
self inductances and capacities. Fortunately most of the 
methods are specially adapted to the latter, the ratio of self 
inductance to capacity being capable of great exactness by 
many methods. 

In the use of condensers I have met with great difficulty 
from the presence of electric absorption. I have found that 


R'[n(A + B)—C]+2°ABC 


this can be represented by a resistance placed in the circuit of 
the condenser, which resistance is a function of current period 


Am. Jour. Scr.—Fourtu Series, Vou. IV, No. 24.—Dec., 1897. 
30 


4 
3 


432 H. A. Rowland—Electrical Measurement. 


I have developed Maxwell’s theory of electric absorption in 
this manner. Correcting his equations for a small error, I 
have developed the resistance and capacity of a condenser as 


follows: 
Let a condenser be made of strata of thicknesses a, a,, ete. 


and specific induction capacities etc. and resistances 7, 
ete. Then we have 


B, B, B, 
+ — ete. 
1 A, 
+ — etc. 
Where 
2 a, 2 
a 
B, = (47)* i + etc 
ete. 
— 
A, = (47) + + ete. 
ete. 


Mr. Penniman has experimented in the Johns Hopkins Uni- 
versity laboratory with condensers by method 25 and found 
some interesting results. With a mica standard condenser of 
+ microfarad he was not able to detect any electric absorption, 
although I have no doubt one of the more accurate methods 


will show it. 
With a condenser, probably of waxed paper, he found 


Number of complete Capacity in Apparent resistance 
periods per second. microfarads. in ohms. 
14°0 4°64 139°6 
32°0 4°96 34°1 
53°3 4°96 20°5 
131°1 4°94 5°2 


The first value of the capacity seems to be in error, possibly 
one of calculation. However, the result seems to show a 
nearly constant capacity but a resistance increasing rapidly 
with decrease of period, as Maxwell’s formule shows. The 
constant value of the capacity remains to be explained. 
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Mr. Penniman will continue the investigation with other 
condensers, liquid and solid, as well as plates in electrolytic 
liquids. 

The results in the other measurements have been fairly satis- 
factory, but many of the better methods have only been 
recently discovered and are thus untried. But we must ae- 
knowledge at once that work of the nature here described is 
most liable to error. Every alternating current has, not only 
its fundamental period, but also its harmonies, so that very 
accurate absolute values are almost impossible to be obtained 
without great care. To eliminate them, I propose to use an 
arrangement of two parallel circuits, one containing a conden- 
ser and the other a self- inductance, each with very little resist- 
ance. The long period waves will pass through the second 
side and the short ones through the condenser side. By shunt- 
ing off some of the current from the second side, it will be 
more free from harmonies than the first one. 

However, in a multipolar dynamo, especially one containing 
iron, there is danger of long period waves also, which this 
method might intensify. A second arrangement, using the 
condenser side, might eliminate them. [lowever, many dyna- 
mos without iron and without too many poles and properly 
wound produce a very good curve without harmonies, especially 
if the resistance in the circuit is replaced by a self inductance 
having no iron. These remarks apply only to absqlute deter- 
minations, Ratios of inductance, self and mutual, and capacity 
are independent of the period, and thus it can always be elimi- 
nated. Measurements of resistances also are independent. 

But there are other errors which one who has worked with 
continuous currents may fall into. Nearly all alternating eur- 
rents generate electromagnetic waves which are so strong that 
currents exist in every closed circuit with any opening between 
conductors in the vicinity. 

We eliminate this source of error by twisting wires together 
and other expedients. But in avoiding one error, we plunge 
into another. For, by twisting wires we introduce electro- 
static capacity between them, which may vitiate our results. 
Thus, in methods 23 or 24 for comparing mutual inductances, 
if there is electrostatic capacity between the wires, a current 
will flow through the electrodynamometer in the testing cir- 
cuit and destroy the balance. 

Various expedients suggest themselves to eliminate this 
trouble, as, for instance, the variation of the resistance A in 
the above, but I shall reserve them for a future paper. I may 
say, however, that it is sometimes possible, as in method 12 for 
instance, to choose a method in which the error does not exist. 
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However, with the best of methods, much rests with the ex- 
perimenter, as errors from electromagnetic and electrostatic 
induction are added to errors from defective insulation when 
we use alternating currents. 

These errors are generally less than one per cent, however, 
and intelligent and careful work reduces them to less than this. 

The following methods generally refer by number to the 
plate on which the resistances, ete. are generally marked. One 
large circle with a small one inside represent an electrodyna- 
mometer. Of course the circuit of the small coil can be inter- 
changed with the large one. Generally we make the smaller 
current go through the hanging coil. 

By the methods 1 to 14, we adjust the electrodynamometer 
to zero by making the phase difference in the two coils 90°. 
For greatest sensitiveness, the currents through the two coils 
must be the greatest possible, heating being the limit. This 
current should be first calculated from the impedance of the 
circuit, as there is danger of making it too great. 

In the second series of methods, 15-26, the branch cir- 
cuit in which the current is to be 0 is indicated by 0. 

Resistances in the separate circuits are represented by R R’ 
R, ete. and 77’ 7, ete. Corresponding self inductances and 
capacities in the same circuits are L L’ L, ete. and Z 7’ J, ete. or 
CC’ C, ete. and ¢ ¢’ ¢, ete. b=2rn where is the number of 
complete current waves per second. 

The currents must be as heavy as possible, 4; ampere or 
more, and it is well to make those that require a current of 
more than ;4, ampere of larger wire freely suspended in oil. 
A larger current can, however, be passed through an ordinary 
resistance box for a second or two without danger. A few 
fixed coarse resistances of large wire in air or oil with ordi- 
nary resistance boxes for fine adjustment, are generally all that 
are required. Special boxes avoiding electrostatic induction 
are, however, the best, but are not now generally obtainable. 

In some methods, such as 8, 9, 10, ete. we can eliminate un- 
desirable terms containing the current period by using a key 
which suddenly changes the connections before the period has 
time to change much. 

In using twisted wire mutual inductances, methods 7 and 12 
are about or entirely free from error due to electrostatic action 
between the wires. In all the methods this error is less when 
the resistance of the coils is least and in 23 and 24 when A is 
least. In method 8 the error is very small when the coil resist- 
ances and R are small and 7 great. In this method with 1 
henry and 1 microfarad the error need not exceed 1 in 1000. 
Probably the same remarks apply to 9, 10, 11, also. By suita- 
ble adjustment of resistances in the other -method, the error 
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may be reduced to a minimum. It can, of course, be ealeu- 
lated and corrected for. 

An electrodynamometer can be made to detect ‘0001 ampere 
without making the self inductance of the suspended coil more 
than ‘0007 henrys or that of the stationary coils more than ‘0006 
henrys, the latter coil readily sustaining a current of ;'; amperes 
without much heating. 

An error may creep in by methods 1-14 if the eurrent 
through the suspension is too great, thus heating it and possi- 
bly twisting it. This should be tested by short circuiting the 
suspended coil or varying the current. For the zero method 
it is eliminated by always adjusting until there is no motion 
on reversing the current through one coil. 

Inductances containing iron introduce harmonies and vary 
with current strength. Thus they have no fixed value. 

Closed circuits or masses of metal near a self inductance, 
diminish it, and increase the apparent resistance which effects 
vary with the period. Short cireuits in coils are thus detected. 

Electrolytic cells act as capacities which, as well as the ap- 
parent resistance, vary with the current period. They also 
introduce harmonics. The same may be said of an electric are. 

An incandescent lamp or hot wire introduces harmonies into 
the circuit. 

Hysteresis in an iron inductance acts as an apparent resist- 
ance in the wire almost independent of the current period, and 
does not, of itself, introduce harmonies. The harmonies are 
due to the variation of the magnetic permeability with the 
amount of magnetization. 

Electric absorption in a condenser acts as a resistance vary- 
ing with the square of the period, the capacity also varying, «s 
I have shown above. 

In general any circuit containing resistances, inductances 
and capacities combined acts as a resistance and inductance or 
capacity, both of which vary with the current period, the square 
of the current period alone entering. For symmetry the 
square of the current period can alone enter in all these cases 
and those above. 

Hence only inductances containing no iron or not near any 
closed metallic circuits have a fixed value. The same may be 
said of condensers, as they must be free from electric absorp- 
tion or electrolytic action to have constants independent of the 
period. There is no apparent hysteresis in condensers and 
the constants do not apparently vary with the electrostatic 
force. 

The following numbers indicate both the number of the 
method and the figures in the plate, p. 437. 
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Method 1. 


— 


Method 2 


[RR RR’ (r+R")+R(7+R,)] 
R,,(R,+R,,) 


Method 8. 
In (1) make R’ = R” = R,, = O or in (2) make R’= R, = 0 
R, =o, 


In case the circuit 7 contains some self inductance, 7, we can 
correct for it by the equation 


L’ 


Method 4. 
+ RR, +R,)] 
R” 
Method 6, 
+R, (R"+ RK") |PR(R"+R,) +7(R' 
(R’+R”) 


Method 6. 
— = (R+R’) (R" +7) 


We can correct for self inductions, L’, L” in the circuits 
R’, R” by using the exact equation 


R/R'(r +R") (R+R’) 

or approximately 


+ ete. 


q 
1 
— or ’ LL’ or — = 
= % —. 
c ble ) 


In methods 1 to 14 inclusive the concentric circles are the coils of the electro- 
dynamometer, Either one is the fixed coil and the other the hanging coil. Oblong 
figures are inductances and when near each other, are mutual inductances. A pair 
of cross lines is a condenser. 
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Method 7. 
R,R,M,,M,, +6*[L,M,,—M,,M,,] [L,M,,—M,,M,,] =0 
For a coil containing three twisted wires, M,, = M,,=M,; 
and the self inductions of the coils are also equal to each other 


and nearly equal to the mutual inductions. Put an extra self 
induction L, in R, and a capacity C, in R,. Replace L, by 


L+L, and L, by 
= R,R,+6\L—M) (L,+L—M). 
As L—M is very small and can be readily known, the for- 


2 When L— M = 0 we have 


2 L, 
Cc, or C. = R,R, 


and we ean write 


mula will give 


Method 8. 
eM(M+L)=rR = rR+(rR)' 
or = (rR)' 2b°LM = rR—(rR)’ 
Placing a capacity in the cireuit R, we have also 
=rR 
or b°M(M—L) + = 
In case the coil is wound with two or more twisted wires, 
M-—L is small and known. For two wires, M—L is negative. 
For three wires, two in series against the third, M can be made 
nearly equal to 2L. Hence M, L and C can be determined 
absolutely, or C in terms of M or vice versa. 
To correct for the self induction, 7, of 7 we have the exact 
equations 
&M(M+L) =rR+07(L+M) 
=rR+6(L—M) 


1 
M _ 1 
i(L- M— 535) 
If the condenser is put in 7, we have 
= rR—J'M(L+M) 


or 


q 
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Method 9 
rR” 


x +R’ 
= +R+ | 


Making R” = =o and 7 + R’ = we have 


+ or &°L'M— 

Taking two observations we can eliminate 6°L’M and we 
have 


= R(r+R) 


M 


Knowing L’M we can find C’.. Throwing out C’ (i. e., mak- 
ing it 0) we ean find 4°L’M in absolute measure: then put in 
C’ and find its value as above. 

To correct for self induction in R,, we have for case R’’= », 


the exact equation 
M L 
The correction, therefore, nearly vanishes for two twisted 
wires in a coil where L’— M=0 and C is taken out. 


Method 10. 
— om + or — 
+R, 
This can be used in the same manner as 9 to which it readily 


reduces, But it is more general and always gives zero deflee- 
tion when adjusted, however M is connected. To throw out 


C make it o. . 


Method 11. 


L—M _ (L—M) 


= (L+M) 


For the upper equation the last term may be made small 
and the method may be useful for determining L — M when e 
is known. Method 8, however, is better for this. 


27 / 
or —VL'M+ q 
if 
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Method 12. 
R+R’ 
Should the cirenits R and » also have small self inductances, 
L and /, we can use the exact equation 
1+ 


When L’ and Z are approximately known, we can write the 
following, using the approximate value on the right side of the 
equation 


+ete. 


L’  R+R’ [1+ Ir , FL 
Taking out L’ and putting a condenser, OC, in R. we have 


= rR’! — + R’) 


For a condenser, R can be small or zero. 


Method 18. 


This determines capacities or self inductions in absolute 
value. As described above, mutual induction can also be de- 
termined by oe it into self induction. 


*_ ][R,(r +R) +R (r+R)) 
(B) [ OC, R(r+R) 
_ [R'R,—R'RIR (7 +R") +R, 
Method 14. 
oL'— | 
[R,R’—R,R] 
R,[r+R”"+R,] 


Of course, in any of these equations, methods 13 or 14, L’’ 
is eliminated by making L’’ = 0 or the condenser, C, is omit- 


ted by making C=. 


y 
rh 
* . 
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Method 15. 


1 » J? ” L, _ 


RR, —R’R,, 


When R,,, = we have 
C" =R Rm [R R, —R R,,] 
2 RR, 
If we adjust by continuous current, we shall have R’’R, — 


R’R,,=0. For a condenser we can make R” =0 provided 
there is no electric absorption. In this case 0°L,C”’ is indeter- 


minate and we can adjust to find cr However, two simulta- 


neous adjustments are required. 

But I have shown that the presence of electric absorption 
in a condenser causes the same effect as a resistance in its cir- 
cuit, the resistance, however, varying with the period of the 
current. Hence R” must include this resistance. However, 
the value of R” wiil not affect the first adjustment much and 
s0 the method is easy to work. If it is sensitive enough it 
will be useful in measuring the electric absorption of conden- 
sers in terms of resistance. 

It has the advantage of being practically independent of the 
current period for G 3s it should be. 

For comparison of capacities the same simplification does 
not occur. 

Indeed the method is of very little value in this case, being 
surpassed by 16. 

Method 16. 
(A) [W 4+7"]+ = 0 
L, C’ R,, R,(W+7r' +r") 

The first equation is satisfied by adjusting the Wheatstone 
bridge so as to make 
Rr’—R,7'=0 


RR, (R,+8, )(R"+R”)—R’R RR, 
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That is 
R, _R 
R, 

We can then adjust W with alternating currents. This is a 
very good method and easy of application but requires many 
resistances of known ratio. Many of these, however, may be 
equal without disadvantage. A well known case is given by 
making 7’ and 7” = 0, 

() By placing self inductions or condensers in R, and 7’ 
instead of the above we have the following 


or = 


or 


Making R”’ = 0 we have 
ra or or = R,, 
(R,W—R’R,,) 


In ease we adjust the bridge to R,W — R’R,, = 0 and a con- 
denser is in 7” so that we can make 7’’=0, the value of 


— Lc" will be indeterminate and we can find an by the adjust- 


ment of W alone. 
This is an excellent method, apparently, as only one adjust- 
ment is required. 
However, ‘see the remarks on method 15. This present 
L. 
method for Anderson’s with, however, alternating 


currents instead of direct as in his. 
The other two values are imaginary in this case. Indeed 


L 
the whole method, B, is only of special value for =? as two 
adjustments are needed for the others. 


Method 17. 
(A) W=o0. 
= 
+R, 


M R 


4 
| 
Ce 
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By this method the self induction of the mutual induction 
coil is eliminated. But it is difficult to apply, as two resistances 
must be adjusted and the adjustment will only hold while the 
current period remains constant. The same remarks apply to 
B and C following. 

(B) R= @ 

W[R,R”—R'R, ] 
= W"+R+R, 
(R"+R”) 
M 


(C) W=0 
2 R 


L’' _ R(R'+R, + (R'+R,) (R"+R,,) 
M RR, 


a, (RR"-RR,) 


Method 18. 


R,R’—RR, = 0 
L’ and M’ belong to the same coil. By adjusting the Wheat- 


stone bridge first, W can then be afterwards adjusted. 
To find the ratio for any other coil independent of the in- 


L’ 
duction coil, we can first find w * above, Then add L to the 


L+L’ 
same circuit and we can find - ae . Whence we can get L. 


This seems a convenient method if it is sensitive enough, as 
L’ 
the value of — Ww should be accurately known for the inductance 
standard. 
Method 19. 


= [R’R, —R"R] 


This is useful in obtaining the constants of an induction 
standard. For twisted wires L’7— M’ should be nearly 0, de- 


pending, as it does, on the magnetic leakage between the coils. 


rR 


= is often known sufficiently nearly for substitution in the 
right hand member. It can, hovever, be found by reversing 


the inductance standard. 


- 
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Method 20. 
R/R, —R"R, =0 
R” R, L WSs; 


= 


any value. 

In ease of a standard inductance, M and L are known, espe- 
cially when the wires are twisted. 

The method can then be used for determining any other in- 
ductance, L’, and is very convenient for the purpose. 

R,, and are first calculated from the inductance 
standard. The Wheatstone bridge is then adjusted and W 
varied until a balance is obtained. This balance is independent 
of the current period, as also in the next two methods. 


Method 21. 


—R’R, =0 
1 R+R, L'_(R'+R) L'_R+R 


This is Niven’s method adapted to alternating currents. See 
remarks to method 20. 

Methods 20 and 21 are specially useful when one wishes to 
set up an apparatus for measuring self induction, as the resist- 
ances R’, Rh’, R,, R,, can be adjusted once for all in case of a 
given inductance standard and only W or 7 need be varied 
afterwards. 


Method 22. 


This is Carey Foster’s method adapted to alternating cur- 
rents and changed by making R” finite instead of zero. 

The ratio of R’+R, to R, is computed from the known 
value of the induction standard. R” is then adjusted and O’ 
obtained. In general the adjustment can be obtained by 
changing R, and R”. The adjustment is independent of the 
current period. 


Method 28. 
=rR,+R[r+R'+R,] 


i 
{ 
Mr—L’R 
=r+R'+R, 
m 
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If we make R = 0 we have 
= rR, 
m r 


This method requires two simultaneous adjustments. M 
must also be greater than m. As Mand L’ belong to the same 
coil, we can consider this method as one for determining m in 
terms the M and L’ of some standard coil. 

The resistance, A, can be varied to test for, or even correct, 
the error due to electrostatic action between the wires of the 
induction standard. 


Method 24. 
M, M r(r’+R'+R") 
This is a good method for comparing standards. We first 


‘ 
determine M for each coil by one of the previous methods. 


Then we can calculate ~ and adjust the other resistances to 


balance. 

It is independent of the period of the current and suitable 
for standards of equal as well as of different values, as the 
mutual inductances can have any ratio to each other. 

For twisted wire coils 7,= 7’ very nearly. See method 23 
for the use of the resistance, A. 


Method 26. 


In fig. 6 remove the shunt R’ and self induction L. 

This method then depends upon the measurement of the 
angular deflection when a self induction or a capacity is put in 
the circuit of the small coil of the electrodynamometer and 
comparing this with the deflection, when the cireuit only con- 
tains resistance. 

The resistance of the circuit, 7, is supposed to be so great 
compared with R that the current in the main circuit remains 
practically unaltered during the change. 

There is also an error due to the mutual induction of the 
electrodynamometer coils which vanishes when 7 is great. 
] 


1 272. R/T. 


These formulas assume that the deflection is proportional to 


== 
| 
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6. This assumption can be obviated by adjusting @ = 6’ when 
we have 
or 

These can be further simplified by making R” = R,”. 

The method thus becomes very easy to apply and capable of 
considerable accuracy. As the absolute determination depends 
on the current period, however, no great accuracy can be ex- 
pected for absolute values except where this period is known 
and constant, a condition almost impossible to be obtained. 
The comparison of condensers or of inductances is, however, 
independent of the period and can be carried out, however 
variable the period, by means of a key to make the change 


instantaneously. 


Method 26. 


Similar results can be obtained by putting the condenser 
or inductance in I” instead of 7, but the current through the 
electrodynamometer suspension is usually too great in this case 
unless 7 is enormous. We have in this case for equal deflec- 
tions, 

” 
Where 7, and R,” are the resistances without condenser or 
self induction. 

This is a very good method in many respects. 

For using 25 and 26, a key to make instantaneous change of 
connections is almost necessary. 

To measure resistance by alternating currents, a Wheat- 
stone bridge is often used with a telephone. 

I propose to increase the sensitiveness of the method by 
using my method of passing a strong current through the 
fixed coils of an electrodynamometer while the weaker testing 
current goes through the suspended system. 

Using non-inductive resistances, methods 10, 13 A, B, ©, 
and 14 all reduce to proper ones. 10 or 14 is specially good 
and I have no doubt will be of great value for liquid resist- 
ances. The liquid resistances must, however, be properly de- 
signed to avoid polarization errors. The increase of accuracy 
over using the electrodynamometer in the usual manner is of 
the order of magnitude of 1000 times. 


Since writing the above I have tried some of the methods, 
especially 6 and 12, with much satisfaction. By the method 


| 
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12, results to 1 in 1000 can be obtained. Replacing L’ by an 
equal coil, the ratio of the two, all other errors being eliminated, 
can be obtained to 1 in 10,000, or even more accurately. 

The main error to be guarded against in method 12, or any 
other where large inductances or resistances are included, 
arises from twisting the wires leading to these. The electro- 
statie action of the leads, or the twisted wire coils of an 
ordinary resistance box, may cause errors of several per cent. 
Using short small wire leads far apart, the error becomes very 
small. 

Method 6 is also very accurate, but the electric absorption 
of the condensers makes much accuracy impossible unless a 
series of experiments is made to determine the apparent resist- 
ance due to this cause. 

In method 12 I have not yet detected any error due to 
twisting the wires of coils 7. However, the electrostatic action 
of twisted wire coils is immense and the warning against their 
use which I have given above has been well substantiated by 
experiment. Only in case of low resistances and low induct- 
ances or in cases like that just mentioned is it to be tolerated 
for a moment. Connecting two twisted wires in a coil in 
series with a resistance between them, I have almost neutralized 
the self inductance, which was one henry for each coil or four 
henrys for them in series! 

Altogether the results of experiment justify me in claiming 
that these methods will take a prominent place in electrical 
measurement especially where fluid resistances, inductances 
and capacities are to be measured. They also seem to me to 
settle the question as to standard .inductances or capacities, as 
inductances have a real constant which can now be compared 
to 1 in 10,000, at least. 

The new method of measuring liquid resistances with alter- 
nating currents allows a tube of quite pure water a meter long 
and 6™" diameter having a resistance of 10,000,000 ohms to be 
determined to 1 in 1,000 or even 1 in 10,000. The current 
passing through the water is very small, being at least 500 
times less than that required when the bridge i is used in the 
ordinary way. Hence polarization scarcely enters at all. 

It is to be noted that all the methods 15 to 24 can be modi- 
fied by passing the main current through one coil of the 
electrodynamometer and the branch current through the other. 
The detlection will then be zero for a more complicated 
relation than the ones given. If, however, one adjustment is 
known and made, the method gives the other equation. 

Thus method 18 requires R, R’—R’R,=0. Hence, when 
this is satisfied we must have the other condition alone to be 


Am. Jour. Scr.—Fourtu Series, Vou. No. 24.—Dec., 1897. 
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satisfied. Also in method 22, when we know the ratio of the 
self and mutual inductances in the coil, the resistances can be 
adjusted to satisfy one equation while the experiment will 
give the other and hence the capacity in terms of the induet- 
ances. 

Again, pass a current whose phase can be varied through 
one coil of the electrodynamometer, and the circuit to be tested 
through the other. Vary the adjustments of resistances until 
the deflection is zero, however the phase of current through 
the first coil may be varied. 

The best methods to apply the first modification to are 15 A, 
16 A and B, 18, 20, 21, 22 and 24. In these, either a Wheat- 
stone bridge can be adjusted or the ratio of the self and mutual 
inductances in a given coil can be assumed as known and the 
resistances adjusted thereby. 

The value of this addition is in the inereased accuracy and 
sensitiveness of the method, an increase of more than one 
hundred fold being assured. 

As a standard I recommend two or three coils laid together 
with their inductances determined and not a condenser, even 
an air condenser. 


a 
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Art. XLVIIL.— Zhe alleged Jurassic of Texas. A Reply 
to Professor Jules Marcou ; by Rost. T. 


Apropos of personal criticisms and questions of fact con- 
cerning the validity of the work of myself and others upon 
the later Mesozoic formations in the Southwestern United 
States, made by Professor Jules Marcoun* in many recent pub- 
lications, such as the American Geologist,+ P roceedings of 
the Boston Society of Natural Historyt, Science,g and espe- 
cially the paper entitled “ Jura of Arkansas, Kansas, Oklahoma, 
New Mexico and Texas,” in this Journal for September, 1897 
(pp. 197-212), I beg to submit the followi ing statements. 

In the month of September, 1853, Professor Jules Mareou, 
while accompanying a rapidly marching military expedition 
for the preliminary determination of a Route for a Pacitie 
Railway Survey which was traveling up the valley of the 
Canadian River, through Oklahoma, the Panhandle of Texas, 
and Northeastern New Mexico, saw two small, outlying beds of 
the Lower Cretaceous formation. 

The first of these localities, which he termed that of Comet 
Creek, then in Indian Territory, is in what is now known as G 
County, Oklahoma, west of the present town of Arapahoe. It 
has recently been revisited by Mr. T. Wayland Vaughan of 
the United States Geological Survey and described in this 
Journal for July, 1897. At this spot, Professor Mareou, 
according to his own statement, remained “ only one hour.” 

The second locality was a detached outlier of the Llano 
Estacado, standing in the broad valley through which the 
Canadian winds its way through northeastern New Mexico. 
Here he remained “ only three or four hours.” Each of these 

*Tp my writings I have always shown the greatest respect for Professor Mar- 
cou, and still have for him the most charitable and friendly feelings. Further- 
more, I have always given and shall continue to give him the fullest credit 
whenever credit is due. The injustice of his attacks upon me and the incorrect- 
ness of his statements, which, if unanswered, would prove serious defacements of 
the scientific record, force me to take note of his accusations, and to add a line of 
controversy to geologic literature. Professor Marcou’s attacks upon the validity 
of my work have been so direct, numerous and skillfully introduced into the 
geologic literature of the day under the guise of alleged scientific discus- 
sion. that [ would deem it unjust not only to myself but to my co-laborers and 
the United States Geological Survey, with which organization I am connected, and 
the scientific world in general, not to correct some of his assertions It is also 
at the earnest solicitation of several of my co-laborers, who have read this manu- 
script, that it is submitted to the public. 

+ Growth of Knowledge concerning the Texas Cretaceous, August, 1894. 

t The Jura of Teues, October, 1896, pp. 149-158. 

§ Science, Oct. 22, 1897. 

| ‘“‘T was enabled on account of the rapidity of the march of my military escort, 
to remain at Comet Creek only one hour, and at Pyramid Mount only three or 
four hours.” —This Journal, September, 1897, p. 198. 
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occurrences, from two to five feet thick at one place and less 
than fifty at the other, represents an outlying isolated, attenn- 
ated outcrop of the great body of Lower Cretaceous which has 
a development of over 2,000 feet in Texas, and from which 
they have been disconnected by prehistoric and recent denuda- 
tion, and to which I have devoted thousands of miles of travel 
and careful study and field work during my lifetime. 

At the first of these localities he collected from a “lime- 
stone five feet thick,’* one species of Ostreid (“ Gryphea 
pitchert”) and at the second from a bed given by him as 30 
feet thick, two other species of the fossil Ostreide (called by 
him G. dilatata and O. marshii). These species, with two or 
three hundred molluscan forms, since reported by others, are 
now krown to constitute the faunas of the Lower Cretaceous 
formations of Kansas, New Mexico, and Texas. 

Upon the supposed resemblance of the fossil oyster from the 
first mentioned of these localities to certain forms in the Cre- 
taceous of Switzerland, and the fact that it occurred as a shell 
agglomerate or “lumachelle” resembling in its lithologic 
facies similar “lumachelle” of Switzerland, he referred the 
beds containing it to the “ Neocomian” epoch, and has since 
used this determination as a basis of his subsequent discussion 
of this system, as other workers discovered and delineated the 
great series of strata and its areal extent to which this single 
outcrop has proved to belong. Likewise on the supposed resem- 
blance of the two fossil oysters from Pyramid Mount in New 
Mexico to forms from the “ Oxfordian” and “ Lower Oolite 
groups”+ of England and France, he referred these beds to 
the Jurassic period—an opinion which he has since rigidly 
maintained and used as the basis for asserting the Jurassic age 
of various other and entirely distinct strata since discovered 
and described by later writers throughout the Texas region, 
and coloring vast areas of what we now know to be Lower 
Cretaceous and Tertiary, upon maps which he has compiled. 

By his own statement, Professor Marcou has spent not over 
five hours of his life-time in observation of the formations 
under controversy. In fact he has never seen the main body 
of the Cretaceous in Texas or Indian Territory at all, and has 
never visited the localities, nor examined the vast collections 
subsequently reported. ‘I have explored only a very small part 
of Texas,” he says, “ only asimple road in the Panhandle,”§ and 
1 might add, that his road lay entirely through the Permian of 

*U.S. Pacific Railroad Explorations, 1853-54, vol. iv, p. 43, H. Doc. 129, 
Washington, 1855. 

+ Geology of North America, Zurich, 1858, p. 19, and in several other publica- 
tions, 

¢ ‘Geology of North America,” Geological Map of the World, ete. 

§ This Journal, September, 1897; p. 208. 


| | 


Rk. T. Hill—The alleged Jurassic of Texas. 451 


the Canadian Valley and Tertiary of the Llano Estacado, 
which he called Triassic and Jurassic respectively, and no- 
where touched upon the Cretaceous in the State of Texas. 
Professor Marcou by his writings has at several times conveyed 
the impression that he had seen the Cretaceous in Texas.* The 
various journals, itineraries and maps of the Pacific Railway 
Expedition as published by himself and others, giving a minute 
record of the progress of the party day by day, show that it 
nowhere encountered this locality or any other south of the 
Ouachita Mountains. The fossils from Fort Washita and the 
Cross Timbers of Texas described by him in his Geology of 
North America, were collected and sent to him by Dr. G. G. 
Shumard. 

Each of his localities have since been thoroughly studied by 
specially equipped expeditions of the United States Geologi- 
cal Survey and the Texas State Geological Survey. The Tu- 
cumearri region has been twice visited by me and the results 
of my observations published in Sciencet and in this Journal} 
and elsewhere.$ The Texas Geological Survey also made 
researches in this locality, and published extensively thereon.* 
Professor Alpheus Hyatt several years ago spent a season of 
minute field work upon the region, and his manuscript report 
thereon is in the office of this Survey. Thus we have, as 
opposed to the three hours spent by Professor Marcon, the 
observations of three independent parties, who have devoted 
days and months to the locality. Each of these parties 
(although both Professor Hyatt** and myself++ were at first pre- 
disposed towards Professor Marcou’s conclusions, and made the 
mistake in print of partially supporting him) have all arrived, 
after careful and impartial study, at conclusions contrary to 
his. I have shown aed all doubt that the deposits which 
he called Jurassic are Cretaceous—not only Cretaceous, but of 
a Cretaceous horizon which I believe to be of the same general 
Jormation but of a horizon stratigraphically above the rocks 
which he, himself, collected at Comet Creek and called * Neo- 
comian.” It is also extremely doubtful if the Comet Creek 
beds are homotaxially equivalent to the Neocomian, as he 
alleges. 

* “T have seen and studied the strata of the Upper Greensand and Marly 
Chalk, in the bed of Little River,” ete, “and also on the Kim Fork of Trinity 
river "—Professor Marcou in American Geologist, August, 1894, p. 100. 

+ July 14, 1893. 

t¢ September, 1895, p. 234. 

; Report on Underground Waters, Washington, 1892. 

Bull. Geol. Soc. Amer., May, 1894, p. 332. 

“| Third Annual Report, pp. 201 et seq.—A controversial article fully answered 
in Science, July 14, 1893. 

** 11th Annual Report U.S. Geological Survey, Part 1, ;p. 97-100. 

t+ Circular letter, Austin, Texas, 1888, 
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Professor Marcou established his Jurassie at Tucumearri 
solely upon two species of fossil oyster. Each of these expedi- 
tions, in addition to the two fossil oysters found by Professor 
Marcou, collected large Cretaceous faunas of over a dozen 
species, similar to that which occurs in Grayson County, Texas, 
above the Comet Creek horizon (Preston Beds) which he has 
himself referred to the Cretaceous, and published lists thereof 
in the publications above mentioned.* His repeated assertion 
that his adversaries will not or have not published figures of 
these fossils is unjust. These fossils are mostly all well known 
species which have been fully illustrated by their authors and are 
in the United States National Museum, the State Capitol of 
Texas, and at Johns Hopkins University, where they are 
accessible to all interested, and have been, are being, or will be 
duly published at the proper time and place as the systematic 
work of publication of the Cretaceous stratigraphy and paleon- 
tology of Texas progresses. 

Professor Marcon has saidt that his “observations, instead of 
being accepted and used for further development of our knowl- 
edge of the Texas Cretaceous, were, on the contrary, opposed 
systematically.” This statement is true except so far as the 
last words are concerned, for the opposition was largely based 
upon independent investigation of parties who, in some in- 
stances like the writer, were predisposed to accept his conelu- 
sions, Not only has Professor Marcou rigidly maintained the 
fundamental errors of his conclusions as to age, but has used 
them as a protext for assaulting the observations, often with 
crimination and misquotation, of every later worker who has 
since more thoroughly studied the field, or distorted their lan- 
guage into confirmations of his own erroneous conclusions. 

The foregoing is a brief statement of the facts which gave 
rise to a controversy, which has pervaded geologic literature for 
nearly forty years, and which is marked by unparalleled bitter- 
ness and accusations of American geologists as a Dody on the 
part of Professor Marcou. This controversy will be again re- 
ferred to in the later pages of this paper, after we say a few 
words in direet reply to his article in the September number 
of this Journal. 

A most serious, but less important defect of his paper is the 
fact that he omits reference to most of the recent literature 
which shows the fallacies of his conclusion concerning Comet 
Creek and Tueumearri, and these omissions leave the general 
reader, who may judge the work of others by his article, under 
a false impression concerning the questions involved. Sys- 

* Lists of these fossils were published by me in Science, Sept 1, 1895, and this 


Journal, Sept. 1895. 
+ American Geologist, August, 1894, p. 100. 
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tematic observations on the stratigraphy of these formations, 
written by me, and, at my request, by Messrs. Stanton and 
Vaughan, can be found in this Journal from 1877 to the present 
year, in the papers to be enumerated presently. Within the 
past ‘few years I have paid special attention to these isolated 
but related localities in Kansas, New Mexico and Trans Pecos, 
Texas, and their relations to the Central Texas region where 
the main area of the Cretaceous lies in continuous section. 
The three papers specially showing the identity of Professor 
Marcou’s Jurassic of New Mexico with the beds of the Washita 
Division in Texas, are entitled “Outlying Areas of the 
Comanche Series in Kansas, Oklahoma and New Mexico,” 
with ew parte paleontologic determinations by T. W. Stanton 
and F. H. Knowlton, published in this Journal of September, 
1895; “Section of the Cretaceous at El Paso, Texas,” by Z. 
W. Stanton and T. Wayland Vaughan, this Journal, vol. i, p. 
21, 1896; and Additional Notes on the Outlying Areas of ‘the 
Comanche Series in Oklahoma and Kansas” by T. W ayland 
Vaughan, this Journal, July, 1897. These three papers cover 
every well known essential point concerning these regions and 
should be read by all who wish to know the true merits of 
Professor Marcou’s determinations of the localities disenssed. 

Furthermore, two previous bulletins of the Geological 
Society of America,* written by me upon the paleontologic 
und stratigraphic relations of the Cretaceous formations of 
Indian Territory and Texas adjacent to Red River—the loeali- 
ties from which the Cretaceous fossils deseribed by Professor 
Marcon, in his Geology of North America, were collected— 
set forth the details of the comprehensive section of the Cre- 
taceous developed in that region by which the stratigraphic 
position of Professor Marcou’s isolated outcrops can be located 
in the general section. Finally, concerning the paleontology 
of the entirely distinet Trinity Division as published in my 
Arkansas Report—the only one of my papers to which Pro- 
fessor Marcou refers,—I will state that the paleontologic 
descriptions and figures of that volume were fully revised and 
republished by me in a paper entitled “The Invertebrate 
Paleontology of the Trinity Division,’ published in the Pro- 
ceedings of the Biological Society of Washington, vol. viii, pp. 
0-40, Plates I- VIII, June 3, 1893, and that this later paper, 
not the Arkansas Report, represents my views of the fauna 
discussed. In this later paper the description of the form 
from Arkansas described by me under the name of Asmoncetes 
walcotti, is fully revised by Professor Hyatt and redescribed 
by me, and my previous generic and specific comparisons as 
quoted by Marcou (p. 199)+ are abandoned and superseded. 

* Vol. ii, pp. 503-528, 1891, and vol. v, pp. 297-338, 1894. 
+ This Journal, Sept., 1897. 
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Professor Marcou completely ignores this paper in his writings, 
and seems to present me to the public as having said things 
which were never intended. 

Not only does he fail to set forth fairly the work of others, 
but he even appropriates from them their own substance and 
converts them to his own end. No better illustration of this 
can be found than the sentence on page 211 where he speaks 
of the “true Washita Division as I established it as long ago 
as 1853 when at Comet Creek near Fort Washita.” This asser- 
tion that he established the Washita Division is absolutely 
untrue. The two feet of beds at Comet Creek which he saw 
in 1853 (and this locality is not near Fort Washita, as he states) 
were never called by him the “ Washita Division” or aught 
else but “ Neocomian,” nor was the term ever used in scien- 
titie literature by him until after it had been invented by 
another. The classification of the beds of the Texas Cre- 
taceous into “divisions” and the term “ Washita Division ” 
was originally made by me and published in this Journal for 
April, 1896, and amplified in my later papers. Marcou’s 
* Neocomian,” Comet Creek bed, is only a single horizon in 
one of the eight great formations composing the Washita 
Division, seven of which are shown in my paper entitled the 
“ Geology of Parts of Texas, Indian Territory, and Arkansas 
Adjacent to Red River (Bull. Geol. Soc. of America, March, 
1894) and one of which, the Grayson Marls, has been added 
by Cragin. 

His article is also so full of conclusions with which few 
Americans will agree, that we can only point ont at present a 
few of the scientific points of disagreement. He dismisses 
(p. 204) Mr. Knowlton’s careful study and identifications of 
the Dicotyledons* with the assertion that “ no conclusion can 
be drawn from such a meagre florula.” Mr. Knowlton’s 
florula enumerates five characteristic Dakota species. The 
occurrence of a Dakota-like dicotyledonous flora in Marcou’s 
“ Jurassic” beds both in Kansas and also at Gallisteo, New 
Mexico, as has been noted by Newberry,t is certainly against 
his hypothesis, but paleo-botanists and geologists in general, who 
are acquainted with the western United States, know that this 
flora is distinctly Cretaceous in its facies, and not Jurassic. 
Professor Marcou neglects to state, and I myself had over- 
looked the fact, that Newberry{ many years ago noted in New 
Mexico the occurrence of dicotyledonous plants with Marcou’s 
Jurassic oyster in sandstone called Jurassic by Marcon, near 
Gallisteo, New Mexico. The cycud which the latter men- 
tions (p. 204) (Cycadeotdea munita of Cragin) was found in the 


* Given in my paper in this Journal of September, 1895, p. 212. 
+ This Journal, vol, xxviii, 1859, p. 33. t Ibid. 
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Tertiary Plains drift, and derived from a geological position 
unknown, and has been studied by Professor Ward. Even if 
it should prove of Purbeckian age it would still be from a 
much higher horizon than Professor Marcou’s alleged “ Oxford- 
ian,” “ Oolitic,” Jurassic of New Mexico. 

On page 198 he accuses me “of making a clean sweep of 
the marine American Jura,” and quotes a paragraph from me 
in which I stated that “there are reasons for suspecting that 
no marine Jurassic formations of Atlantic sedimentation have 
as yet been discovered north of Argentina on the present 
Atlantic slope of the American hemisphere.” In quoting this 
paragraph Professor Marcou apparently forgets that he, him- 
self, has distinctly said in italics (Geology of North America, 
p. 19), that “the Jurassic rocks do not exist on the Atlantic 
slope of North America nor anywhere east of the Mississippi 
River.” My assertion of practically the same proposition is 
maintained by every known fact, unless the Wealden beds, 
which are not positively known to be marine and which are 
classified with the Cretaceous by a preponderance of authority, 
are Jurassic as maintained by Marsh—(merely a question of 
classification, as I have recently shown in Science*). Further- 
more, as he referred the Tucumearri beds under discussion to 
the ‘“‘ Oxfordian ” and “ Lower Oolite”’+ of the Jura, they are 
in no manner to be confused with the Wealden, or “Jurassic” 
of Marsh. Neither does the sentence quoted from me make 
“a clean sweep of the American marine Jura,” for it in no 
manner alleges that there is no Jurassic on the Pacific slope, or 
in the Black Hills of Dakota, where, as is well known, Jurassie 
formations, in no manner related to those of New Mexico, so- 
called by Professor Marcon, do occur. 

Concerning his general classification and tabular view of the 
whoie country south of the Arkansas, pp. 208-211, I will 
state that it has no value and cannot in any manner be fitted 
to known conditions. For instance, I have shown that the 
Cheyenne Sandstone of Kansas which he places at the base of 
his section, contains dicotyledonous flora and occurs stratigra- 
phically about midway in the Lower Cretaceous of the Texas 
section, and does not belong to my Trinity Division at all, as at 
first supposed by Cragin. His “ Tucumearri Division (6B) and 
“Neocomian Division,” are synchronous formations, and 
embrace beds far more nearly allied to the Gault than Neoco- 
mian. His descriptions of these divisions are purely imaginary 
creations, stratigraphically incorrect, and altogether out of har- 
mony with the natural occurrence of the rocks or the literature 
thereon. The whole table is ingeniously constructed by com- 
pilation of the works of the very authors he condemns. 


* December 18, 1896, np. 918-922. + Geology of North America, pp. 19-20. 
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Professor Mareou has long imagined that brief observations 
in these outlying areas have constituted him an authority on 
the greater Texas region which he has not seen, and made 
them the basis for creating, at his study at Cambridge, such 
tabulations as above mentioned and dictating where work 
should and should not be done in the Cretaceous region of 
Texas. This article under discussion is especially profuse in 
such suggestions. I can dismiss them in a lump as follows: 
The monograph on the fossils which have been called 
“ Gryphea pitcheri,” was written and ready for the printer a 
year ago, and was transmitted to the Director for publication 
on January 13, 1897. When it does appear it will further 
show by the most conelusive stratigraphic and paleontologic 
data, together with a careful study of the development of the 
forms, the identity of his alleged Jurassic species from Tueum- 
earri with the forms called “Gryphwa pitcheri” in the 
Cretaceous of Texas, and the form which he names Gryphea 
kansana (page 203) from Kansas. For the two or three speci- 
mens of the last mentioned form which he states that he 
possesses, and which I have seen in his studio at Cambridge, 
we possess hundreds of specimens showing every stage of the 
development. Futhermore Mr. T. W. Stanton is now solely 
engaged upon the descriptive paleo-zoology of the Cretaceous 
of Texas, a work which | had to abandon owing to pressure of 
other duties, and his work will be reliable and authoritative. 
Professor Lester F. Ward is likewise studying in a similar 
manner the paleo-botany. 

Prof. Marcou’s remark about “special need of investigation 
in the vicinity of Austin and Fredericksburg” can be fully 
answered by stating that in addition to my previously pub- 
lished papers on this region, there is in type for the Eighteenth 
Annual Report of the U. 8. Geological Survey a large and 
comprehensive work upon this region by Mr. Vaughan and 
myself, giving every detail of its stratigraphy with maps and 
illustrations. Furthermore, we have in process of publication, 
four atlas sheets of this region. I have also personally con- 
ducted Mr. Stanton over this country, and he is illustrating and 
describing the paleontology as fast as accurate methods will 
permit. He has just returned from that region, where he has 
made additional collections. 

We have already shown that his charges that his opponents 
will not visit his localities are unjust. Just one year ago when 
I lay at Muskogee, Indian Territory, upon what was then 
supposed my death-bed, I turned over my camp equipment to 
Professor Lester F. Ward and Mr. T. Wayland Vaughan, and 
requested them to visit the Kansas localities, which they did. 
Mr. Vaughan also thoroughly studied all the outlying areas to 
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the south thereof, including Professor Marcou’s Comet Creek 
locality, and his results have been fully published in this Jour- 
nal for July, 1897. Professor Ward, who accompanied Mr. 
Vaughan to the Kansas loealities, is now again in the Kansas 
region,* studying the fossil flora. Professor C. 8. Prosser has 
also lately published an excellent paper on the stratigraphy of 
the Kansast localities, which confirms the conclusions of 
Professor Marcou’s opponents. The invertebrate paleontology 
of the same region is in process of publication by Professor 
Cragin. 

After all the complaints pervading Professor Marcou’s papers 
against others who are working as hard and consistently as 
they can upon the problems of the region, for not publishing 
hastily, and charging that “ poor stratigraphy and poor paleon- 
tology have long enough prevailed,” ete., ete., he apparently 
sees no inconsistency in immediately creating in this article a 
new species of oyster (Gryphwa kansana) without one word 
of description or illustration. 

His accusation (page 201) that Dr. Charles A. White changed 
“the generic and specific name ” of his (Mareow’s) G. pitcher?, 
alias G. rwmeri, ete., ete., to Heogyra forniculata is untrue. 
Marcou, himself, was the first to use the generic name Livogyra 
for this species, in his first paper in the original Whipple 
report and elsewhere,} and continued to use it for some time, 
as shown in the extracts from his writings given on a later 
page. Although I believe Dr. White's Exogyra forniculata 
may be identical with Marcou’s G. pitcher/, there is still room 
for much doubt upon this subject. 

Inasmuch as this Gryphza and the thickness of the beds 
containing it is made the basis of many charges against others 
by Professor Marcon, it may be well to introduce here the fol- 
lowing extract from his own writings concerning it which will 
be referred to later in this paper. 

His record of the thickness of the Comet Creek beds and 
the various names which he gave to the fossil found there 
(“Gryphwa pitcheri”) and which almost exclusively composes 
the rock, is as follows: 


1855. “This limestone is only five feet thick; it is of a whitish 
grey color containing an immense quantity of Ostracea which | 
consider (provisionally) as the Hwoyyra ponderosa Roemer; hav- 
ing the closest analogy with the Exoyyra of the neocomian of the 
environs of Neufchatel.”—-U. 8. Pacific Railroad Explorations, 
1853-54, vol. iv, p. 43, H. Duc. 129, Washington, 1855. 


* Prof. Ward has returned since this was written, brioging with him over forty 
boxes of Cretaceous fossil plants. 

+ Report of Kansas State Geological Survey, pp. 96-181, 1897. 

} Geology of North America, p. 17. 
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1858. “This limestone is only five feet thick ; it is of a whitish- 
gray color, containing an immense quantity of fossil Ostracea, 
which I consider as identical with the Exogyra (Gryphwa) pitcheri 
Mort., having the closest analogy with Hxogyra couloni, of the 
Neocomian of the environ of Neufchatel (Switzerland).—Geology 
of North America, Zurich, 1858, p. 17. 

This passage purports (Geology of North America, p. 7) to be 
a “verbatim” copy of the preceding paragraph, and is copied 
from the chapter in the latter work (p. 9) entitled “ Extract trom 
Report ot Explorations for a Railway Route, near the Thirty-fifth 
Parallel ot Latitude from the Mississippi River to the Pacific 
Ocean, etc., Washington, 1855, H. Doc. 129.” It should be noted 
that he here, as in the preceding quotation, refers the genus to 
Exogyra. 

1858. In the literal copy and translation of Professor Jules 
Marcou’s field notes by W. P. Blake, p. 131, vol. iii of the Pacific 
Railway Reports, quarto edition of 1856, the Comet Creek local- 
ity near Camp 31 is described as composed of “three or four 
broken beds with crinoids* disseminated here and there as if the 
ruins were formed of a lumachelle limestone of Neocomian age. 
This lumachelle is formed by the fragments of Ostrea aquila or 
coulont or a variety, for it is smaller... . the four beds of 
lumachelle are two feet.” 

Concerning these notes, however, Mr. Marcou later said: “I 
here declare that 1 know nothing of the publication of the edition 
in quarto of these reports, and that I decline all responsibility as 
to the use that may have been or may hereafter be made by 
others of my official note books,” etc. (Geology of North 
America, ete., Zurich, 1858, p. 1.) Nevertheless he himself, now 
(1897) cites them as authoritative in his recent article, p. 205. 

1858. On page 27 of the Geology of North America, Mr. 
Marcou says, in discussing his Neocomian in America, of which 
this is the only locality recorded as seen by him, that “ its thick- 
ness varies from 6 to 50 feet.” 

1862. “Ihave never seen Morton’s original specimen. .... - 
I am led to believe that I did not meet with the true G@. pitcheri of 
Morton in my explorations with Captain Whipple’s party. Mr. 
Ferdinand Roemer having the opportunity of seeing, in the com- 
pany of the late Dr. Morton himself, the original specimen at Phila- 
delphia, I naturally followed bis identification of G. pitcheri ; and 
if Roemer has made a mistake I was misled by his description . . . 
Thus we shall have three species of Gryphwa: 1, the G. tucum- 
earrii of the Jurassic rocks of Pyramid Mount (New Mexico); 
2, the false G. pitcher of Roemer and Marcou, or the false G. 
pitcheri var. navia of Conrad and Hall of the Cretaceous rocks of 
the false Washita River (‘Cexas) which may be called G. remeri 
in honor of its first discoverer, Mr.'F. Roemer, and, 3, the true 
G. pitcheri Morton, which I have never seen, and, consequently, 

* This word does not occur in the French version of the notes, in which G. 
couloni is also followed by a question mark. ; 
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on which I cannot give any information as to its stratigraphical 
position and association with other fossils—Proc. Boston Soc. 
Nat. Hist., vol. viii, p. 95, 1862.” 

1889, “As to the Gryphwa pitcheri which Mr. Hall calls var 
navia it is the true G. pitcheri of Morton and Roemer found by 
me at Comet Creek near the false Washita river.— American Geolo- 
gist, September, 1889, p. 163.” 

1896. “The first strata of this Cretaceous system contain at 
Comet Creek, Fort Washita, etc., an immense number of Gryphea 
remeri Marcou (formerly called G. pitcheri by Roemer and 
Marcon). The Gryphcea arcuata are so numerous as to recall the 
‘ Limestone of the Lias of England, France, and Germany.’ These 
first beds, which may be called the ‘Caprina and Gryphea Remeri 
limestone; are the bottom beds of the American Neocomian or 
Lower Cretaceous.”—The Jura of Texas by Jules Marcou, Proce. 
of the Boston Soc. Nat. Hist., vol. xxvii, p. 157, Boston, October, 
1896. 


The foregoing extracts show that he has successively called 
this Comet Creek species “ Hxogyra ponderosa Roemer,” 
“ Kxrogyra pitchert” with analogy with “ couloni” ; 
“ Ostrea aquila or couloni?” “ Gryphea pitcheri,” Gryph- 
wa remeri,” “ Gryphwa pitchert” and Gryphea remeri.” 

The paragraphs in Professor Marcou’s paper to which I per- 
sonally take exception are such as that on page 199, in which 
he makes direct charges upon my veracity and the motives and 
correctness of my work, citing “an example of carelessness, 
not to use a stronger word, in quoting a plain paleontological 
fact,” which “shows how unreliable Mr. Hill is when he 
writes on paleontology,” and accusing me of endeavoring by 
“extraordinary alteration” and misquotation of D’Orbigny to 
make a certain species of Ammonite appear of Cretaceous 
instead of Jurassic aftinities. 

These accusations on Professor Marcou’s part are absolutely 
without foundation, as anyone can see by comparing my origi- 
nal assertion with his extraordinary misrepresentation of it. 


What I said was as follows :* 


Careful examination of the literature and specimens of the 
Boston and Washington libraries and museums failed to reveal 
any figured species with which this one can be identified. J¢ 
resembles generically the group Harpoceratide (genus Ludwigia, 
Boyle), which is peculiar to the upper jurassic of Europe and 
also Ammonites yo, D’ Orb, of the lower neocomian. The 
absence of this ammonite from the great mass of the Trinity 
strata, except in the place indicated, suggests that it may be an 
older fossil reimbedded in the Trinity, but its preservation and 
delicacy of structure would seem to render this impossible. 


* Neozoic Geology of Arkansas, p. 128. 
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By omitting all the words of this paragraph except those in 
italics, which he brings together and by substituting the word 
“Cretaceous” for * Neocomian,” he succeeds in establishing 
his remarkable construction of a proposition which I did not 
utter, upon which he could base his assertion that I “ under- 
took to change the age of Ammonites yo,’ which cannot be 
explained otherwise than that I “ wanted to sustain my classi- 
fication of the Trinity Division in the Cretaceous, quoting in 
his (my) favor the great D’Orbigny.” These charges are repu- 
diated by every passage | referring to the species of Ammonites 
to be found elsewhere in the volume referred to, in which I 
repeatedly present the Jurassic affinities of this form; but as he 
well knows, in another paper, the species was revised by me 
and the previous description in the work which he quoted was 
abandoned. All the other passages referring to the age of 
Ammonites walcotti, both in the Arkansas Report,* and the 
revision thereof are here reproduced in full, and I beg the 
candid reader to compare them with Professor Marcou’s state- 
ment, in order to see if there is ground for his accusations. 


Arkansas Report, p. 125,—Reviewing the stratigraphic evi- 
dence afforded by Trinity formation, it seems to be clearly older 
than any Cretaceous rocks hitherto described in this country, a 
fact which is verified by the paleontology as shown in the next 
chapter. 

The stratigraphic position beneath the lowest Comanche series, 
which is of very early cretaceous (neocomian), and the extreme 
difference in the character of the sediments and fossils, confirm 
the opinion that the rocks are either uppermost jurassic, lowest 
cretaceous (Wealden) or transitional jura-cretacic. They are at 
least older than the oldest American cretaceous rocks hitherto 
known, and mark the littoral stages which characterized the 
beginning of the first grand subsidence of cretaceous times. 

Proceedings of the Biological Society,+ pp. 37-38: Only one 
specimen of this species has thus far been discovered. It occurred 
in association with O. franklini, Vycaria lujani, Eriphyla 
arkansaensis, and other mollusks berein described. The form 
very much resembles in outward appearance the figures of the 
genus Oxynoticeras of Hyatt, as given by Zittel and Steinman in 
their Manuals, but Professor Hyatt refers it to Vewmayria, and 
contributes the following comments upon the specimen : 

“Your Ammonites walcotti is probably a Newmayria. The 
aspect is Jurassic, but this group, Upper Jura, and the species 


* Neozoic Geology of Southwestern Arkansas. By Robert T. Hill, Assistant 
Geologist.—Annual Report of the Geological Survey of Arkansas for 1888, vol. 
ii, pp. 125-128. 

+ Paleontology of the Cretaceous Formations of Texas. The Invertebrate Paleon- 
tology of the Trinity Division, by Robert T. Hill.—Proceedings of the Biological 
Society of Washington, vol. viii, pp. 37-38, June 3, 1893. 
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nearest walcotti occurs in the very top of the Jura of Centra! 
Volga stage, supposed by some to be similar to the Purbeck 
in the upturn at Malm. The obseuration of a portion of the 
sutures occurs over the most important part of the outer side, 
and the structure of the abdomen, which is rounded and has no 
keel, is not very consistent with the reference either to the Nevw- 
mayria of the Jura or the so-called Newmnayria of the Cretaceous. 
Nevertheless it agrees better with those of the Jura than the 
Cretaceous ones referred to the same genus by Nikitin.” 

Whatever may be the range of this genus in Europe, the 
writer is inclined to the belief, from the stratigraphy and asso- 
ciation, that its occurrence in Arkansas is lowest Cretaceous, 
and Professor Hyatt’s opinion serves to strengthen the position 
of the writer in his reticence in earlier papers in expressing a 
more definite assignment of the Trinity beds before minutely 
studying the accompanying faunas. The specimen was collected 
in the banks of Town Creek, one mile southeast of Murfreesboro, 
Arkansas. Named in honor of Mr. C. D. Walcott. 


Nowhere in these writings do I quote or have I quoted 
D’Orbigny, and even my citation of a doubtful resemblance to 
a species of his (which citation was entirely abandoned in the 
revision of the species), cannot be interpreted as a quotation. 
The very first sentence of the paragraph upon which Professor 
Marcou constructs this charge distinctly shows that no identity 
between the species was intended. Whether Mr. Marcou’s 
assertion that D’Orbigny’s species came from the Jurassic and 
not the Cretaceous is true or not, [ do not know (for no copy 
of D’Orbigny’s Paleontologie Francaise is accessible to me to 
verify his references), but even if it is true, the matter is 
entirely secondary to the entire tenor of my writings and was 
set right by myself throngh its omission in the later publica- 
tions. 

Professor Marcou states on the same page that “he has 
shown with accuracy and details in the American Geologist, 
Dee., 1889, . . . that the whole fauna without a single excep- 
tion is composed of Jurassic fossils.” I am perfectly aware of 
the fact that in his paper cited,* he took the list of fossils 
illustrated by me, species for species, and asserted+ their iden- 
tity or resemblance, according to his fancy, with some Jurassic 
species of Europe, making them allied to forms from various 
horizons of Europe, such as the “ Portlandian,” the “ French 
Jura,” “Argovian,” ‘“Sequanian,” the “Upper Lias,”’ and the 


“ Kimmeridian.” These mere assertions are all the “ accuracy 
and detail given.” His identifications have so little basis of 
fact that I merely pass them by unnoticed and do not yet 


* Jura Neocomian and Chalk of Arkansas; by Jules Marcou, American Geolo- 


gist, December, 1889. 
+ Ibid., pp. 362-363. 
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accept them. This fauna is undoubtedly one of the oldest of 
the Comanche Series. In my Arkansas report I said that it 
resembled the Wealden and Purbeckian, a position which I 
still maintain, and Professor Marcou ‘has proved nothing 
further concerning it. He has issued similar manifestoes upon 
the appearance of other lists of species from the Southwest, 
notably the one identified by Stanton and published by 
Dumble from the Washita Division at Kent.* Here he takes 
a dozen or more of the best known and commonest fossils, not 
of Wealden affinities, but from the uppermost division of the 
Lower Cretaceous, and refers each of them serially to Jurassie¢ 
forms. His zpse divit is all the basis there is for such correla- 
tions. 

The following extracts from Professor Marcou’s discussions 
of a species of Ammonites, a family of much more value for 
stratigraphic correlation than Ostreidse, show that he, rather 
than others, used the peculiar methods in paleontological dis- 
cussions which he has attributed to them. He found no 
Ammonites in the “ Jurassic” Tucumearri region, and noted 
their supposed absence. In his “ Geology of North America” 
(p. 33, Plate I, fig. 1), he gave an excellent figure of a “Cre- 
taceous” species which he named Ammonites sh umardii, after 
Dr. George G. Shumard, here called by him “the learned 
geologist of Arkansas,” who collected all the species from Fort 
Washita and Texas, near Red River. These localities, which 
Marcon has never seen, are several hundred miles distant from 
Tucumearri, and judging from his writings he is ignorant of 
their stratigraphy, although they have been visited several 
times by the writer and made a special study by him.+ 

Furthermore, as I have seen, this species of Ammonite 
occurs by the hundreds in the Red River localities from which 
Marcou’s type specimen was sent, in a horizon stratigraphically 
below beds containing the majority of the species now known 
to constitute the fauna of his alleged “Jurassic” of the 
Tucumearri region, and above the horizon of his Comet Creek 
Neocomian.” 

In 1888 Professor Alpheus Hyatt found this confessedly 
Cretaceous species of Professor Marcou’s in the supposed 
“ Jurassic” beds of the Tucumearri region of New Mexico. 
Professor Marcon, since the latter event, endeavored to recon- 
cile these facts in a most remarkable manner. Without await- 
ing publication by Professor Hyatt, and upon what authority 
we do not know—for Professor Hyatt has never published 
other than a brief administrative report} on his work so far as 

* American Geologist, November, 1893. 


+ See papers previously cited. 
¢ Eleventh Annual Report U. 8. Geological Survey, Part 1, pp. 97-100. 
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I am aware — Professor Marcou immediately proceeded to 
announce, that* “The fauna of the upper part of the Jurassic 
strata of Pyramid Mount at the Tucumearri, thanks to the col- 
lection made there in 1889 by Prof. A. Hyatt, is now well 
known.” 

Later, however, when he pressed Professor Hyatt, who has, 
perhaps wisely, kept out of the controversy, for an opinion 
concerning the age of the Ammonite, he received a very deci- 
sive answer as follows:+ “I think there can be no reasonable 
doubt that it belongs to the Inflatus group of the genus Sch/en- 
bachia, hitherto found only in the Cretaceous.” 

Not daunted by this decisive contradiction of the Jurassic 
age of this species by Professor Hyatt. Professor Marcou next 
proceeded to force the species into his Jurassic system, whether 
or no, by making a new paleontologic law to suit the case as 
follows: ** When considered in connection with the surround- 
ing fauna of the Tucumearri area, the Schloeenbachia found 
there indicates that in America the genus appeared near the 
end of the Jurassic epoch, a fact constantly indicated for many 
other fossil forms which appeared sooner in America than in 
Europe.” 

To demonstrate the last proposition he asserts that hes 
(Marcon), “ received a very remarkable confirmation ” of “ his” 
opinion concerning “the appearance of the Jurassic genus 
Schlenbachia during the Jurassic epoch in America,” and 
says that Aguilera gives a description, with figure, of a 
Schlenbachia “found among a whole Jurassic “fauna” at 
Catorce. By consulting the “work referred to| it is seen 
that no such statement is made, and that the Mexican 
Schleenbachia is not reported with the other Jurassic fossils 
deseribed by Aguilera, but is the only fossil found in the 
limestone of the upper part of the upper division of their 
section, and is referred by him to the upper part of the Lower 
Cretaceous. 

The fact that he, himself, had originally given the Ammon- 
ite a Cretaceous position—an insurmountable obstacle to its 
alleged Jurassie ovcurrence in New Mexico—was further 
remedied as follows: Mr. Dumble found a specimen of 
Ammonites leonensis at Kent** in the same bed with the cog- 
nate of G. pitcheri, which Marcou confessest+ is his alleged 

* American Geologist, August, 1894, p. 102. 

oo Jura of Texas,” by Jules Marcou,—Proc. Bost. Soc. Nat, Hist., vol. xxvii, 
. ¢ Same publication as above, p. 155. 

§$ Proce Bost. Soc. Nat. Hist., p. 155. 


|| Boletin de la Commission de Mexico, Num. 1, pp. 49 and 50 (Mexico, 1895). 
“J Ibid., p. 49. ** Previously cited, p. 462.¢+ “ The Jura of Texas,” p. 153, 
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Jurassic Gryphwa dilatata of the Tucumearri region. To off- 
set this additional evidence of the Cretaceous age of the beds, 
Mr. Marcon, after showing to his own satisfaction that all the 
common species collected by Mr. Dumble from these upper- 
most beds of the Comanche Series are “ Jurassic,” erroneously 
says that the “ Ammonites leonensis Conrad is not that species 
at all, but the Ammonites shumardii Marecou. “It is true 
that I placed this species in the Cretaceous of Texas, but I was 
impressed by its form. ... If the specimen had come to me 
with a Gryphea tucumcarri, I should not have hesitated to 
refer it to the Jurassic of Texas. But it came to my hands 
collected by a person not a geologist, who put together all the 
fossils obtained during a military march through Texas.” It 
is needless to say that the two species of Ammonites cited are 
quite distinct. Such is an example of how he, himself, has by 
misquotation changed the geologic age of an Ammonite and 
thus gained support for his erroneous conclusions—an act 
identical with that which he has so skillfully tried to fix on 
me in the case of A. walcott?. 

Another unfounded accusation is his assertion that I have 
misquoted him when I spoke of the Comet Creek bed “as 
being composed of a single bed of limestone five feet thick,” 
which he alleges is “ another example of want of exactness in 
quotation in Mr. Hill” (p. 205). The alleged quotation on my 
part is from the first two of the extracts from his writings 
previously given, wherein he distinetly says “ This limestone ” 
(not limestones) “is five feet thick.” On the other hand, the 
only passage of Marcou’s writings seen by me in which this 
formation is spoken of as more than one bed, is in Blake’s 
publication of his (Mareou’s) notes—the same which he has 
hitherto repudiated with such vehemence but which he now, 
for the first time in forty years, cites as authority as already 
noted. But in doing this he even misquotes these notes, 
which distinetly say that there are three or four of these beds, 
not five as Professor Marcou now alleges they state (p. 204). 
It is likewise apparent that Marcou in his various writings has 
himself variously given a thickness of “2,5” and from “to 
50” feet to these beds. The truth of the matter, as shown by 
Mr. Vaughan in his recent paper,* is that they are probably 
only two feet thick. 

Such are some of the examples of Professor Marcou’s per- 
verted charges wherein he states that I, who, according to his 
own statement, am the only man in American science who has 
endeavored to treat him with courtesy and give his writings 
due credit, and who has tried to record facts truthfully, have 
misquoted and corrupted paleontologic facts with a motive. 


* This Journal, July, 1897. 
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After perusing the foregoing pages one cannot but wonder 
why Professor Marcou should wrongfully accuse others of 
maliciously misquoting. Let the reader put side by side the 
two first abstracts we have given from his writings concerning 
the Comet Creek Gryphwa on pp. 17-18. The second of 
these was published by him asa verbatim copy* of the first, 
yet in this alleged verbatim copy he has changed the name of 
every species mentioned in the original and made other addi- 
tions, and this, too, without one word of explanation. These 
instances together with the misquotations elsewhere given of 
Aguilera the Mexican Geologist, of himself and myself, are 
but a few of the many examples which could be given showing 
that he has certainly exceeded the ordinary limits of toleration 
in such practices, in which I have never, intentionally, indulged 
in, as he charges. 

In the paper in the September number of this Journal, 
Professor Mareou also accuses Messrs. Hall, Roemer, Shumard, 
Gabb, Charles A. White, Hill, Cragin and Stanton of confus- 
ing species, and I can but consider it an honor that he should 
have selected my head, above all these distinguished authori- 
ties, upon which to pour the last and most concentrated dregs 
of his wrath. His many papers are bristling with similar 
assaults devoted to denouncing the scientific value of the work 
of James D. Dana, James Hall, J. 8S. Newberry, F. B. Meek, 
W. P. Blake, T. A. Conrad, J. D. Whitney, C. A. White, 
J. J. Stevenson, with side notes on nearly every American 
geologist of the past fifty years, against whom as a whole he 
has also launched certain epithets. It can be readily seen that 
his assaults upon me are felt less keenly when one considers 
the distinguished company: with which I have been placed by 
him. This will be made still more apparent by the following 
brief résumé of the controversy which he has so long con- 
ducted. 

The invalidity of Professor Marcow’s conclusions concern- 
ing the Jurassic age of the New Mexican locality was early 
shown in many papers by the principal American geologists, 
of the decade of 1855-1865, among whom were W. P. b lake, 
B. F. Shumard, J. 8. Newberry, F. B. Meek, T. A. Conrad, 
James Hall, James D. Dana, Lesquereux and others. The 
whole substance of the controversy and proof of the inacen- 
racy of Professor Mareou’s conclusions, have been ably set 
forth by Professor Dana in this Journal for November, 1858, 
p. 323, and January, 1859, pp. 1387-141. This was the origi- 

nal Marcon controv ersy, which died out in the year 1867. The 
later and detailed studies in the field by the present school of 
geologists, have confirmed by stratigraphic research that these 


* See Geology of North America, p. 7. 
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older writers were correct in their affirmation of the Creta- 
ceous age of the alleged Jurassic beds of New Mexico. 

From 1867 to 1884 there was a cessation in the flow of pub- 
lication from Professor Marcou’s fertile pen, which did not 
resume until after the appearance of the writer’s first papers 
on the geology of the Texas region, in 1886, after I had en- 
deavored to give a résumé of Marcou’s work in Oklahoma and 
New Mexico.* In attempting to give him credit, however, I 
apparently started Professor Marcou’s pen again—which he 
resumed, after seventeen years of silence during which his 
history was a blank to me. Since this time his contributions 
have been as frequent and pointed as before. Time does not 
permit me to enumerate or refer to all of Professor Marcou’s 
publications. They are all marked by similar statements to 
those given in the article which has brought forth this paper, 
only differing in the violence of the personalities indulged in. 

His publications have been particularly severe in their de- 
nunciation of all American geologists. Professor James D. 
Dana, who has always been considered as the embodiment of 
honor and integrity, is accused of “ distorting and misrepre- 
senting facts,”+{ of falsifying titles of his (Mareou’ 8) papers,’’S 
“ * perseenting| and waging war upon him,” of hating 
“filled up his Journal, since he is geological editor, with papers 
of controversial nature, without a single observation made in 
the field or museums” and charged with “ persistent and blind 
resistance against progress,” “ opposition @ outlrance and his 

arti pris to ignore asystem.” He also states that Dana and Hall 
Sins nut excuses of distance to travel over or want of facili- 
ties and opportunities to create their colossal error.” “ His 
(Danv’s) efforts during 44 years have been directed to keeping 
life in wrong conclusions and in the opposite direction of 
the truth.” and together with James Hall “has misled 
those who followed their views by various paleontological de- 
terminations and false classification.”*| He accuses Professor 
F. B. Meek—the ideal of exactness in paleontologic method—of 
“mixing strata together without regard to stratigraphy, lithol- 
ogy, or even paleontology,” and states that Professor J. J. 
Stevenson makes use of language “such as it is impossible 
even to quote it.”** 

His assaults upon American geologists reached their climax, 
however, in his paper on “ American Geological Classification 

* Bull. 52. U. S. Geological Survey. 

+“ A Reply to the Criticisms of James D. Dana,” by Jules Marcou, Zurich, 1859. 

Geology of North America, Zurich, 1858, p. 7. 

§ American Geological Classification, by Jules Marcou, Cambridge, 1888, p. 9. 

| Ibid., pp. = 23. 

Ibid., 

Sept., 1889, p. 156, 
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and Nomenclature,” published at Cambridge, 1888. This is a 
bitter attack upon nearly every American geologist of the past 
half century, all of whom except myself, of whom Mr. Mareou 
was then fulsome in his praise (for reasons elsewhere explained), 
are accused of outrageous personal conduct, such as “ suppress- 
ing facts,” “falsifying,” ‘ misquoting,” “incompetent obser- 
vations,” ete., etc., and speaks of “the constant and utmost 
opposition” of Messrs. James Hall, T. Sterry Hunt, W. E. 
Logan, James D. Dana, the two Professors Rogers, and Pro- 
fessor C. H. Hitchcock, and to this list he adds in his own 
handwriting on page 8 of the copy sent to me, the name of 
Charles D. Walcott. Also, on page 11, he accuses Professor 
Dana “in accordance with his usual practice of giving credit 
to those to whom it does not belong, and pretending that the 
Lower Silurian is called Champlain by Mather.” On page 17 
he accuses Mr. Walcott of having been “ misled by the erron- 
eous notions constantly and perversely put forward by Mr. 
Dana.” 

I could quote from his various writings many other such 
denunciations, chiefly directed at Professor Dana as the head 
and leader of American geologists, just as he now assails me 
because I have been a pioneer in the late studies of the Meso- 
zoic in the Texas region. I could fill a volume with similar 
attacks upon other men of science, such as his accusations of a 
like kind against Newberry, Hall, Stevenson and others. It 
was owing to the error Of his deductions, his habit of absorb- 
ing to his own credit every new discovery in the Southwest, 
and printing imaginary geological maps of the United States, 
of persistently misquoting other writers, of accusing every one 
of paleontologic or stratigraphic incompetency, and of indulg- 
ing in personal abuse and vituperation, that Professor Dana ut 
one time demanded that the Boston Society of Natural His- 
tory should investigate him, and in later years ignored him 
entirely. 

So far as [ am aware, his conclusions on the subjects discussed 
are not accepted by a single living geologist in this country or 
abroad, and he has hurled criticisms, similar to those now made 
against me, at the head of every prominent American geologist 
who has lived since he first came to this country. During the 
first few years of my studies I was inclined to believe that he 
might have been right in his conclusions concerning the Juras- 
sic age of the beds of the Tucumearri region, and committed 
this opinion to print. So long as I leaned to his opinions he 
was fulsome in his praise, bestowing upon me effusive compli- 
ments as to my ability, ete., ete. and even writing among 
others of a similar flattering nature, the following notice* of 

* Jura Neocomian and Chalk of Arkansas.—Marcou. From the American 
Geologist, December, 1889, pp. 366-367. 
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the same Arkansas Report which, in the September number of 
this Journal, he so severely condemns : 

“On the whole, Volume II of the Arkansas geological 
report for 1888 is a most creditable work, which reflects honor 
not only on its author, Professor Robert T. Hill, of the Uni- 
versity of Texas, by far the best practical geologist who has 
ever studied Southern Arkansas and Texas, but also on Pro- 
fessor John CO. Branner, the state geologist. The State of 
Arkansas must be complimented to have secured the services 
of such able observers.” 

In the American Geologist for September, 1889, p. 156, he 
also gives me credit as being “ The only American Geologist 
who has quoted my Mesozoic fossils of Texas.”* Later, how- 
ever, after my second visit to Tucumearri Mesa, where and 
when I was the first to discover and there to announce the 
well-developed Cretaceous fauna identical with that of the 
uppermost Lower Cretaceous beds of Denison, Texas, he 
immediately directed his epithets at me, in articles elsewhere 
cited, in the American Geologist, the Proceedings of the 
Boston Society of Natural History, Science, and this Journal, 
each attack being proportionately more personal and bitter, as 
increasing research more and more conclusively demonstrated 
the Cretaceous age of his New Mexican “ Jurassic,” and _ its 
stratigraphic position above the beds of Comet Creek which he, 
himself, had called Cretaceous. 

I will admit that in the earlier years of my researches, when 
my papersjwere largely written in the field away from libraries, 
I have made occasional mistakes, (and who has not ¢) some of 
which are typographic, others slips of the pen, and others 
merely mistakes, but these papers have always been conscien- 
tiously written with a desire to state the truth, and in every 
instance have been of material advancement to our knowledge 
of the stratigraphy of the Texas region, and Mr. Marcou’s 
insinuation, “not to use a stronger word,” that I have endeav- 
ored to corrupt the record is false. No amount of abuse, mis- 
representation or misquotation on the part of Professor Marcou 
can alter the essential facts of research, nor cover up his own 
misstatement of fact and imperfect and misleading quotations. 
Even though he should succeed in his attempts to prove me 
untruthful and a defacer of the geologic reeord—which he 
cannot do—this would in no way excuse him for distorting and 
imperfectly quoting every new scientific discovery in order to 
uphold an erroneous and untenable deduction, founded on self- 
confessed incomplete exploration. ' 

* In a subsequent paper in the American Geologist for August, 1894, p. 98, 
in which he makes his first change of front towards me, it is interesting to note 
that his principal unspecified allegation against me is that I do ‘ not always give 
credit where credit is due.” 
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Finally, concerning his American geologic work, it can be 
said now, as was truthfully said by Professor Dana many years 
ago, that* “We cannot see, therefore, that Mr. Marcou’s claims 
as a discoverer are in any one case sustained, or that his merits 
are in any respect enhanced by his American researches, and 
we certainly should not go to him for an exposition of Ameri- 
ean geology.”+ ... “We cannot therefore think that his 
former reviewers and opponents deserve, because they differ 
from him, either to have their names expunged from American 
geological history, or thrown into discredit; nor do we believe 
that their reputations will seriously suffer from our ambitious 
Rocky Mountein explorer.t . . . Whoever may identify true 
Permian, true Triassic or true Jurassic strata will not have 
borrowed from Mr. Marecou and can owe him no ecredit.’’§ 


*This Journal, Nov. 1858, and January 1859. ¢ Ibid., January 1859, p. 139. 
t Ibid., November 1858, p. 333. § Ibid., November 1858, p. 331. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysiIcs. 


1. On Thermal Phenomena attending Change in Rotatory 
Power.—It is well known that certain carbohydrates, at the 
moment of solution in water, show an abnormal circular polari- 
zation; and that optical stability in such solutions, at ordinary 
temperatures, is attained only very slowly. This phenomenon, 
which was first observed in dextrose and milk sugar, was called 
birotation, since it was believed that the circular polarization of 
the freshly prepared solution was twice that of the rotation 
finally reached. Subsequent investigations, however, have shown 
that even in these cases the ratio of the rotations is never exactly 
2:1, and further, that dextrose and milk sugar are capable of exist- 
ing transitorily in solution in more than two optical conditions; and 
this, coupled with the fact that the rotatory power of a freshly 
made solution of maltose is actually less than its subsequent value, 
has caused the term multi-rotation to be adopted as preferable. 
Now it has been observed that when a substance capable of show- 
ing this property is originally produced by the hydrolysis of 
another carbohydrate of greater molecular complexity, the 
phenomenon of multi-rotation also appears. And Brown and 
PickeRING have sought to ascertain whether this change in 
optical properties is attended by any corresponding heat change. 
Three optically difterent forms of dextrose have been described 
by Tanret. His a-dextrose is the so-called birotatory substance, 
B-dextrose being the ordinary optically stable form. His y-dex- 
trose, produced by heating amorphous dextrose to 100°-110°, has 
an abnormally low rotation when freshly dissolved. Since dex- 
trose is produced by hydrolysis in the a form, the authors deter- 
mined the heat change when this form was converted into B by 
adding 0°01 per cent of soda solution, the operation being con- 
ducted in a suitable calorimeter, and a check determination 
being made by using the dextrose in a second experiment, already 
in the B form. The corrected mean of four values is given as 
0°588 calory per gram of substance. Plotting the heat changes 
thus obtained after various intervals of time and comparing the 
curve with that given by Parcus and Tollens for the rate of 
change of rotatory power, it appears that, while the heat curve is 
somewhat flatter, the general character of the two curves is the 
same. Thus making it probable that “the special physical or 
chemical changes which determine the gradual alteration or 
specific rotation in freshly prepared dextrose solutions proceed 
pari passu with the heat evolution,” and therefore “that this 
evolution is the result of the chatiges in question.” Similar 
experiments were made with maltose, with levulose and with 
milk sugar. No change of temperature was detected with the 
first, while levulose gave —4°64 calories per gram and milk sugar 
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+0°19 calories per gram. As to the cause of multi-rotation, the 
authors conclude that it is probably “an ftect of chemical change 
brought about by the interaction of sugar and its solvent.”—/. 
Chem. Soc., \xxi, 756-783, July, 1897. G. F. B. 
2. On the Chemical Action of Electrical Oscillations.—The 
chemical action of an oscillating electric field upon various sub- 
stances has been studied by Dr Hemprinne. His apparatus, 
which was a modification of that of Lecher, consisted of a pair 
of plate condensers, one side of each being connected with a 
Wimshurst machine, driven at a constant speed by a gas motor, 
an adjustable spark gap being placed between the two plates. 
The other coatings were connected to two wires of considerable 
length, terminating in two plates facing each other. Substances 
laced in the space between these plates are subjected to the 
influence of the oscillating discharge of the condensers, whose 
frequency and pressure may be varied at will. If a wire be 
placed across the two conductors at certain points, an illuminated 
vacuum tube between the plates becomes dark ; while on shifting 
this wire along, points are reached at intervals where the tube 
again glows. The distances between these points, as Wiedemann 
and Ebert have shown, represent the wave length of the oscilla- 
tion. When very high pressure was needed the author used a 
Tesla apparatus, the current of an alternating machine being 
transformed up one hundred fold. The secondary of this trans- 
former was connected to a condenser, and, through a spark gap, 
with the primary of an induction e9il; thus giving in the secon- 
dary of this coil, whose terminals ended in two plates opposite 
to one another, an oscillating discharge of high frequency and 
pressure. The gas to be examined was contained in a glass 
cylinder 4™ broad and 12-13 long, having taps at its ends, the 
lower one terminating in a smaller and graduated tube dipping 
under mercury; so that the pressure in the cylinder was less than 
that of the atmosphere. It was observed that no action took 
place within the tube unless it became luminous. Moreover two 
tubes may screen each other; and if the pressure of the gas in 
the tubes be slightly different, then when they are placed between 
the plates and the discharge is so adjusted that only one glows, a 
slight increase of pressure in this tube causes it to become dark 
while the other one glows and is decomposed. The substances 
exposed to the action of the discharge were ammonia, carbon disul- 
phide, glycerin, oxalic acid and calcium carbonate. It 
appeared that the speed of decomposition increased with increasing 
pressure, these pressures being 5, 15 and 50™" ; a maximum being 
reached soon after the decomposition began and then decreased. 
Moreover this speed is decidedly influenced by the energy of the 
discharge. The amount of the ammonia eventually decomposed 
varies with the pressure, being about 50 per cent at 49"™ 
and 95 per cent at 20", though the values obtained do not agree 
with the expression p, p3/p3 =, which theory gives for dissocia- 
tion by heat. Addition of nitrogen or hydrogen lowers the 
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decomposition, the former less than the latter. Mixed nitrogen 
and hydrogen when exposed to electric oscillations unite to the 
extent of 3 or 4 per cent, the result being apparently independent 
of the pressure. Carbon disulphide suffers decomposition in 
the oscillating field, the speed corresponding closely to the 
equation dx/dt=k (a—x). Glycerin and oxalic acid show an 
increase of vapor-pressure in the oscillating field, but calcium 
carbonate appears unaffected.—Zeitschr. phys. Chem., xxii, 360- 
372, April, 1897. 
3. On the Explosion of Chlorine Peroxide with Carbon Mon- 
oxide. —Experiments made a year or more ago by Dixon showed 
that when a mixture of well-dried carbon monoxide with other 
burning gases, such as cyanogen or carbon disulphide, was 
exploded, the carbon monoxide was not completely burned 
although there was more than enough oxygen for the combustion 
of both gases and the flame traversed the entire mixture. A sug- 
gestion of L. Meyer, that this result was due to the high stability 
of the oxygen molecule, was disproved by exploding a mixture of 
well-dried carbon monoxide, oxygen and ozone; which showed 
that a mixture containing 26 per cent of carbon monoxide and 8 
per cent of ozone cannot be fired by a powerful electric spark. 
Moreover cyanogen is entirely burned to carbon dioxide when 
exploded with an excess of oxygen. And Smithells, in his flame 
separator, found that in the inner cone cyanogen is burned to 
carbon monoxide, this latter being burned completely in dried 
air when the outer and inner cones are close together, but being 
extinguished when they are considerably separated. Since it ap- 
pears, therefore, that carbon monoxide is readily oxidizable when 
first formed, the author in conjunction with Russet has exam- 
ined the question whether oxygen when freshly produced would 
show the same activity toward carbon monoxide. For this pur- 
pose they exploded a well-dried mixture of carbon monoxide and 
chlorine peroxide. Since dry chlorine peroxide yields chlorine 
and oxygen when detonated, even with an inert gas, it is evident 
when it is fired in presence of carbon monoxide, this latter gas 
finds itself intimately mixed with highly heated “ nascent” oxy- 
gen. The chlorine peroxide was prepared by the action of sul- 
phuric acid diluted one-half with water, upon finely divided 
potassium chlorate, on a water bath; this gas as well as the car- 
bon monoxide being allowed to pass simultaneously into a spec- 
ially constructed eudiometer containing phosphoric oxide. The 
mixture was composed of 29 per cent of chlorine peroxide, 60 per 
cent of carbon monoxide and 11 per cent of oxygen. After dry- 
ing for six days, a spark was passed and a pale blue flame tra- 
versed the tube. Analysis showed that the residue contained 29 
per cent of carbon monoxide, nearly 50 per cent having remained 
unburned. After decanting the gas and allowing it to stand 
over potash solution, a spark exploded it violently. A second 
experiment resulted similarly. The authors therefore do not find 
“that oxygen just liberated from a compound is more active than 
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ordinary oxygen in attracting carbon monoxide at a high tempera- 
ture."—2J. Chem. Soc., \xxi, 605-7, June, 1897. G. F. B. 

4, On the Absorption of Nitrogen by Carbon compounds under 
the influence of the Silent Electric Discharge.—Experiments have 
been made by Berrue or in further elucidation of the phenom- 
ena which result when nitrogen is absorbed by benzene and simi- 
lar bodies under the influence of the silent electric discharge. He 
finds that the rate of absorption is more rapid the more frequent 
the vibrations of the interrupter, a Marcel—Deprez contact-breaker 
giving better results than the Foucault interrupter even with or 
without specially high frequency. In the case of benzene he 
finds the maximum quantity of nitrogen absorbed is about 12 per 
cent of the mass of the benzene, the absorption being complete in 
presence of an excess of liquid. If the nitrogen be atmospheric, 
the absorption is not complete, though the residue is smaller than 
the quantity of argon present in the air, since a portion of the 
argon is absorbed. When the absorption is complete the ratio 
of benzene to nitrogen is (C,H,),:N,. The product in its em- 
pirical composition corresponds with diphenylphenylenediamine, 
and shows many properties common to diamines of this class, 
mixed with condensation products. When exposed to air or 
oxygen it readily oxidizes, though without setting free nitro- 
gen; and when treated with hydrochloric acid yields salts the bases 
of which have odors recalling those of quinoline and the hydro- 
pyridines. When heated this hydrochloric acid product yields 
ammonium chloride. The original product when heated by itself 
gives off large quantities of ammonia, together with benzene, 
water (resulting trom oxidation in the air), a‘trace of aniline and 
a bituminous liquid containing nitrogen. Heated in absence of 
air, it yields ammonia but no free nitrogen. When carbon disul- 
phide is employed, the absorption is more rapid and is complete 
if the disulphide be in excess. The maximum quantity absorbed 
is 11°7 per cent of the mass of the bisulphide, the ratio being 
(CS,),: N, the same as with benzene. The product oxidizes in 
presence of oxygen, no nitrogen being set free. When heated 
out of contact with the air, some nitrogen is evolved, the larger 
part remaining in combination with the products of condensation, 
Hence these products are more stable than those formed by 
argon or helium. Thiophene under similar conditions absorbs 
about 8°6 per cent of its weight of nitrogen, the ratio in this case 
being (C,SH,), : N.—C. exxiv, 528-532, March, 1897. 

G. F. B. 

5. Manual of Qualitative Analysis. By the late Dr. C. Re- 
mMicius Fresenius. Authorized Translation by Horace L. WE 
M.A. New Edition, thoroughly revised, from the Sixteenth Ger- 
man Edition, 8vo, pp. xviii, 748. New York, 1897 (John Wiley & 
Sons).—The Manuals of Fresenius have stood first in the world 
among books treating of Analytical Chemistry for nearly fifty 
years. From the notes on Qualitative Analysis, given to the 
press in 1841 while he was yet a student at Bonn, down to the 
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sixteenth edition of this admirable work issued as late as 1895, 
the author devoted himself untiringly to its improvement, never 
admitting anything into it without personal verification. It is 
now fourteen years since the last American edition was pub- 
lished ; and since then two thoroughly revised German editions 
have appeared. By a piece of good fortune Professor Wells was 
induced to undertake the translation of the book for a new 
American edition, and good evidence of the accurate and pains- 
taking care with which he has done bis work is to be found 
throughout its pages. While following the original closely and 
therefore retaining the general form which has given to this 
Manual its wide reputation, the translator has been obliged to 
rewrite a large part of the previous edition and to have the 
whole work reset. In its present form consequently it represents 
the most accurate methods and the most recent results in qualita- 
tive analysis, especially in the chemistry of the rarer elements 
and the less commonly occurring compounds. No distinction, we 
notice, is made between the alkaloid termination and that of the 
glucoside ; morphin and salicin terminating alike in in. The 
book will be warmly welcomed by American analysts not only 
for the great excellence of the original but also for the faithful- 
ness with which it has been put into its English form. 4. F. B. 

6. The delay in spark discharges.—K. Warpsure concludes 
from his researches that in the ordinary spark discharge the air 
changes from a very good insulator into a relatively good con- 
ductor. In the delay period there is formed, under the influence 
of the electrostatic force, a very weak invisible electrical current 
which at the end of the delay period goes over into a visible 
spark discharge. The delay period continues a longer or shorter 
time according to the conditions of the electrode; whether they 
are moist or dry, whether they are under the influence of radia- 
tions (ultra-violet radiations— X-ray radiations) or not.— Wied. 
Ann., No. 11, 1897, pp 385-395. | 

7. Photoelectric relations of Fluorspar and of Selenium.— 
Shortly after Hertz had discovered that ultra-violet light 
lowered the spark potential, E. Wiedemann and H. Ebert 
showed that this working of light was limited to the 
cathode. In regard to this phenomenon Prof. J. J. 
Thomson quotes a hypothesis of Helmholtz that different 
substances may possess the power of attracting electricity 
with different intensities—for instance, if a metal draws to itself 
positive electricity stronger than the surrounding dielectric does 
then the metal strives to charge itself positively. If the conduc- 
tor is surrounded by air in its normal condition then it cannot 
charge itself, since no electricity can escape. All of these condi- 
tions are changed when the conductors are subjected to ultra- 
violet rays. Then enter the following: 1, separation of metallic 
particles from the conductors; 2, chemical changes in the gas in 
the neighborhood of the conductor, which break up the gas in 
such a manner thatit can take a charge. According to the above 
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hypothesis Professor J. J. Thomson explains why metals which 
charge positively the strongest, also have the greatest sympathy 
for positive electricity and destroy negative charges to the greatest 
extent. It has been known that many spots on cubes of fluorspar 
become negatively charged by light. These, according to the 
above hypothesis, must possess a greater attraction for negative 
electricity than for positive, and it would be expected that under 
the influence of light a positive charge on them would be dissi- 
pated. G, C. Scumipr has undertaken a research to settle this 
point and he concludes that fluorspar always charges itself posi- 
tively at the corners of the crystal and especially on fresh cleavages, 
and always negatively in the middle. At these places, which 
are strongest electrified positively in light, the negative electricity 
is the most quickly dissipated. The positions on fluorspar which 
are negatively electrified by light are also deprived of negative 
electricity. Selenium behaves in a similar manner, and the 
phenomena that bodies charge themselves under the influence of 
light and dissipate negative electricity are separate phenomena, 
which are not so closely related as has been supposed. The 
theory supported by Prof. J. J. Thomson, on the working of light 
on non-electrified and on negatively charged bodies, is not con- 
firmed by this investigation.— Wied. Ann., No, 11, 407-414. 

8. Ona magnetic method of showing metallic iron.—William 
Duane has shown that the damping effect of a steady magnetic 
field on oscillating bodies is more delicate than any chemical 
analysis for the detection of traces of iron. He has extended his 
investigation to the effect of rotating magnetic fields and finds 
that in this case the method is even more sensitive that that 
formerly employed with the steady field.— Wied. Ann., No. 11, 
1897, p. 543. J. T. 

9. On the spectra of certain stars.—A series of observations 
have been carried on at Potsdam by Vocet and Wirsine having 
as their object the classification according to their spectra of stars 
falling in the first spectral class. In the case of one hundred 
stars the presence of cleveite gas in their atmosphere could be 
established (Class Id); they formed a fourth part of all the stars 
of Class I which were observed.—Sitzungsberichte d. K. Preuss. 
Akad. der Wiss., Berlin, Oct. 21. 

10. On the structure of the Cathode Light and the nature of the 
Lenard Rays —Goupstein shows that the so-called third layer 
of the cathode light consists of rays in straight lines which have 
their origin not on the surface of the cathode itself but from the 
rays of the second layer. The author explains the Lenard rays 
as due to diffusely reflected cathode rays.—WSitzberichte d. 4. 
Akad. Wiss., Berlin, Oct. 21. 

11. A new Nicol Prism.—It is announced that C. Leiss has de- 
vised a new form of prism of Iceland spar and glass which per- 
mits of a saving of 50 per cent in the material.—Sifz. d. K. 
Akad., Berlin, Oct. 21. 
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II. Grotocy AND NatuRAL History. 


1. Observations on Baffinland—Dr. Roxsert Bett, F.R.S., of 
the Geological Survey of Canada, has recently returned from a 
five months trip into the northern regions. Having proceeded by 
the Dominion Government S. S. Diana to Hudson Strait, he took 
a yacht and small boat from there, and made a topographical and 
geological survey of about 300 miles of the southern coast of 
Baffinland. From an account in the “ Ottawa Citizen ” of Octo- 
ber 27th we extract the following : 

“The northern side of Hudson Strait is the southern coast of 
Baffinland, which is the third largest island in the world, being 
1,100 miles in length. The island of Greenland and the island 
of Australia alone exceed it in length. Hudson Strait is about 
500 miles in length, and averages about 100 miles in width. Big 
Island, which lies near the north side, is 80 miles long and about 
20 miles wide. Both shores of the strait are mountainous, and 
destitute of trees, being beyond the limits of the northern forests. 
The land along the western half of the south shore is higher and 
bolder than any other part of these coasts, and rises to a height 
of between 1,000 and 2,000 feet above the sea, The eastern half 
of the south coast is rather low, and is not broken by any moun- 
tain range. Dr. Bell says: ‘The whole north shore is rugged, 
but it rises more gradually as we go back from the sea, and 
attains a general elevation of 1,000 to 1,500 feet at a distance of 
10 te 20 miles inland, although some parts are higher; between 
Frobisher Bay and the eastern part of Hudson Strait, Grinnell 
glacier, an extensive sheet of ice covers this range, and may be 
seen from a long distance on a clear day, although one may often 
pass through Hudson Strait without observing it. In the spring 
a cold, ice-laden current, flowing in from Davis Strait, passes up 
the north side of Hudson Strait, while the warmer water of Hud- 
son Bay flows out along the south shore. The north side has 
therefore a more Arctic character than the south.’ ” 

“On the 20th of July, when Dr. Bell commenced his explora- 
tion, the south shore was comparatively free, while the north side 
had a cold, forbidding appearance. The ‘ice-foot,’ 20 to 30 feet 
thick, still adhered to the rocks, all along, except in some of the 
inlets. At the outset of his journey Dr. Bell was fortunate 
enough to find an Eskimo who knew the coast and at the same 
time understood English pretty well, having picked it up at 
Spicer’s Trading Station, which had been maintained in this 
vicinity for several years. 

“The greater part of the coast to be explored was so completely 
unknown that it was not indicated on the charts even by a dotted 
line. Passing to the northwest of Big Island, the mainland soon 
became fringed with many islands, and a little farther on the 
whole coast seemed to be broken up into innumerable mountain- 
ous islands of all sizes, from single hills of rock surrounded by 
water, to ranges several miles in length. This border of islands 


Geology and Natural History. 477 


would be from 10 to 20 miles in width. Indeed, it was difticult 
to know when the mainland was finally reached. Even then, 
when the explorers ascended a mountain they could see many 
channels of the sea running in all directions among the high hills. 
Besides the channels and those separating the islands, a number 
of large fjords running far inland were discovered and explored. 
These geographical conditions are due to the geological structure 
of a great development of crystalline rocks, their extensive ero- 
sion and partial submergence. Dr. Bell does not recall such a 
striking example of this kind of topography in any other part of 
the world. The northeast coast of Georgian Bay resembles it in 
some respects on a small seale, but here glaciation has reduced 
the general surface to a low level and a comparatively even out- 
line.” 

He also explored inland at one point sufficiently far to locate 
two great lakes whose southern shores came within 50 or 60 
miles of Hudson Strait. ‘lhe party returned to St. John, N. B., 
in the latter part of October. H. Ss. W. 

2. International Geological Congress.—The International Geo- 
logical Congress for 1897 took place at St. Petersburg from Aug. 
28th to Oct. 5th and in point of view of attendance was the most 
successful yet held, several hundred geologists from all parts of 
the world being present and taking part. The session was 
opened by the honorary president, the Grand-Duke Constantine, 
and those portions of each day which were devoted to delibera- 
tions were divided among the different fields of geologic activity. 
It cannot be said that any large result followed immediately from 
these conferences but great moderation and caution were shown by 
the delegates and the exchange of views will undoubtedly be 
beneficial to geology in the future. The discussion of the ques- 
tion concerning stratigraphical nomenclature and _ classification 
resulted in a general understanding that it was yet too soon to 
decisively act upon this subject and in the meantime the histori- 
cal method is recommended as being the most proper ground. 
In petrography practically the same result was arrived at, the 
petrographers declining to commit themselves at present to any 
definite classification but expressing the view that the science had 
progressed far enough at present to warrant the introduction of 
some simple group names to be used by the field geologist, and 
in mapping. The Congress recommended the establishment of 
an international station for the investigation of the sea bottom. 

Dr. Hauchecorne and Dr. Beyschlag were placed in charge of 
the commission for the geological map of Europe. The invita- 
tion of the French geologists was accepted and Paris named as 
the place of meeting in 1900, A committee was appointed to 
report on the advisability and possibility of the establishment of 
an international journal devoted to the interests of petrography, 
especially for reviews. 

A vumber of interesting exhibits were shown, among them that 
by the Imperial Geological Survey of Japan being, perhaps, the 
one that attracted the most attention. 
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A considerable number of American geologists were present, 
among them the venerable but active Prof. James Hall of Albany. 
The following were named vice-presidents: Prot. O. C. Marsh, 
Prof. B. K. Emerson, Mr. 8. F. Emmons, Dr. Persifor Fraser. 

The excursions both before and after the Congress were well 
attended and were managed with great ability and success con- 
sidering the obstacles which in many cases had to be overcome 
in moving so large a number of people from point to point. Here 
the influence of the Russian government was clearly perceptible, 
Before the Congress the excursions were in Finland, Esthonia 
and to the Urals, and after it the excursion presented a choice of 
routes to the Caucasus and then through to Asia Minor and on 
the Black Sea, including the Crimea. It lasted upwards of a 
month. For these excursions, the members of the Congress were 
indebted to the Russian and Finnish governments for free trans- 
portation. 

It would be well if in the future some plan could be devised 
by which these excursions could be strictly limited to those 
whom they are designed to benetit, and the alleged scientists, who 
join them tor the sake of obtaining the advantage of cheap travel, 
could be cut off. L. Vv. P. 

3. Mineral Resources of the United States, 1895, Davin T. 
Day, Chief of Division (17th Ann. Report of the U. 8. Geologi- 
cal Survey, Charles D. Walcott, Director). Washington, 1896.— 
The appearance of the seventeenth annual report of the United 
States Geological Survey has already been noticed in this Journal, 
but the two volumes on Mineral Resources of the United States 
in 1895 call for an additional remark. These volumes together 
form Part IIL of the complete report. This is the second time 
that the work on the mineral resources brought out by Mr. David 
T. Day has been published in this form. 

The first of the two volumes is devoted to the metallic products 
and coal, the second to non-metallic products. They contain 
a valuable series of papers by various authors, of which the fol- 
lowing may be mentioned among others: on iron ores by John 
Birkinbine; on. copper and on lead by Charles Kirchhoff; on 
manganese, on coke and on petroleum by Joseph H. Weeks; on 
coal by Edward W. Parker; on stone by William C. Day. An 
interesting chapter by George F. Kunz is devoted to the preci- 
ous stones of the country. 

4. A Descriptive Catalogue of Useful Fiber Plants of the 
World, including the structural and economic classifications of 
fibers; by Cuartes Ricuarps Special Agent, U. 8. 
Department Agriculture. Washington, 1897.—It is doubtful 
whether the general public realizes the extent to which investiga- 
tions bearing on economic development have been carried on, of 
late years, at the instance of the departments. The treatises are 
numerous and, for the most part, of excellent quality. The one 
before us is a case in point. Mr. Dodge has brought together in 
this convenient form a vast amount of information, much of 
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which he has apparently verified with his specimens in hand. 
The range of authorities laid under contribution is wide and has 
been thoroughly traversed by the author. We naturally ex- 
pected to see in his list Wirsner’s Die Rohstoffe des Pflanzen- 
reiches, and Baron von £xtratropical Plants, but 
the other omissions which have come to notice are slight and 
unimportant. It seems a pity that this valuable compendium 
could not have been enriched by plates of the fibers themselves 
both in their commercial and ultimate reductions. But, even as 
it stands, it will set many a cultivator thinking in what way new 
fiber-plants can be obtained for experiment here. G. L. G. 


IL MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. National Academy of Sciences.—The autumn meeting of 
the National Academy of Sciences was held at Boston, beginning 
November 16. The following is a list of the papers accepted for 
reading : 

R. S. Woopwarpb: The mass of the earth’s atmosphere. 

W. A. Rocers: On a final determination of the relative lengths of the Imperia 
yard and of the meter of the International Bureau. 

C. Barus: The secular softening of cold hard steel. 

T. C. MENDENHALL: On the elastic resistance of steel knife-edges 

A. Hyatt: Evolution and migrations of land shells on Hawaiian islands. 

R. H. Cuirrenpen: The influence of borax and boric acid on nutrition. 

C. 8. Minot: Embryological observations. 

IrA REMSEN: On a new method of obtaining derivatives of guanidine; On the 
boiling points of mixtures of benzine and alcohols; On double halides containing 
organic bases 

A. A. MICHELSON and S. W. Stratton: Results obtained with a new har- 
monic analyzer. 

E. S. Morse: On the ancient molluscan fauna of New England. 

C. R. Cross: On a new application of the wave siren. 

C. L. Norton: New apparatus for the comparison of thermometers and for the 
determinations of the heat of combustion of fuels. 

O. C MarsH: Recent observations on European Dinosaurs; The Jurassic 
formation of the Atlantic coast—Supplement 

A. KE. VERRILL: Ovarian variations and cannibalistic selection as factors in the 
evolution of species; Notable instances of free variation nearly unchecked by 
natural selection; Some of the important factors in the evolution of the marine 
animals of coral-reef seas. 

S. C. CHANDLER: Comparison of the theory of the motion of the pole with 
recent observations. 

J. W. PoweLt: An hypothesis to account for movements in the crust of the 
earth. 

S. Weir MirTcHett and Atonzo H. Stewart: A contribution to the study of 
the action of the venom of the Crotalus adamanteus upon the blood. 

S. F. Emmons: Report on the international geological congress at St. Peters- 
burg in August, 1897. 

A lecture was delivered by Joun TROWBRIDGE at the Jeffersonian Physical Labo- 
ratory, Cambridge, or electrical discharges, with exhibition of apparatus for 
obtaining high voltages 


At the business meeting of the Academy on Nov. 17, it was an- 
nounced that Miss Alice Bache Gould, daughter of the late Benja- 
min Apthorp Gould, had presented a sum of $20,000, to be known 
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as the Benjamin Apthorp Gould fund, the proceeds of the fund to 
be used at the discretion of a board of three directors, two of 
whom must be members of the Academy, in furthering astronomi- 
cal research. This fund was later formally accepted by the Acad- 
emy; the following directors were appointed by Miss Gould: 
Prof. Lewis Boss of Albany, Dr. Seth C. Chandler of Cambridge 
and Prof. Asaph Hall of Washington. 

2. Cordoba Photographs : Photographic Observations of Star- 
Clusters, from impressions made at the Argentine National 
Observatory, measured and computed by Beysamin ApTHORP 
Govutp, Lynn, Mass., 1897.—The growing importance of astro- 
nomical photography is manifested in this extensive contribution 
to the subject, which completes the long array of results derived 
by Dr. Gould from his southern sojourn. It contains the results 
of the measurement of 177 plates, taken at Cordoba with an 
equatorial of 114 inches aperture, of which the original objective 
was that first devised and used by Rutherfurd, but having been 
broken on the journey to South America was replaced by a simi- 
lar one by the same maker, Mr. Fitz. The objects photographed 
were mainly star-clusters and richer portions of the southern 
hemisphere, 37 districts being included in the present discussion, 
and some 27 yet remain to be computed. In all, the positions of 
9144 stars are furnished, referred to 78 centers by polar codrdi- 
nates; these are then converted into differences of right ascension 
and declination. For each plate four constants are determined 
by reference to known star-places, these being mainly derived 
from the Cordoba meridian observations. The four constants 
determined for each plate are the corrections to the rectangular 
codrdinates of the origin and to the adopted scale-value and 
position-angle zero. This method seems amply adequate for the 
degree of accuracy aimed at, and the work will doubtless prove a 
most valuable addition to our knowledge of the southern heavens. 

The volume is edited by Dr. 8S. C. Chandler, to whom this duty 
was confided after the death of Dr. Gould, who most lamentably 
was not to see the finished work, though the computations and 
discussion had all but completely passed through his hands, 

W. L. E. 

3. November Meteors, 1897.—A watch was kept at the Yale 
Observatory on the night of Saturday, Nov. 13, for 6 hours com- 
mencing at 1] p.m., by Mr. Brown (tor one half of the time) and 
Mr. Smith, who exposed plates in the photographic apparatus. 
In all 30 meteors were seen during these hours, only 5 of which 
were conformable to the Leonid radiant. Only one of these fell 
in the area covered by the cameras and this was not bright enough 
to impress on the plates, which were much fogged by the moon, 
then only 44 days past full. The nights of Nov. 14, 15 and 16 
were completely overcast here at New Haven. W. L. E. 

4, Sixteenth Annual Report of the Bureau of American 
Ethnology to the Secretary of the Smithsonian Institution, 1894- 
95; by J. W. Powe t, Director, 326 pp., with 81 plates and 83 
figures in the text. Washington, 1897.—The sixteenth annual 
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report has been recently distributed to the public, and like those 
which have preceded, it gives evidence of the activity in this 
department and of the excellent work that is being done in the 
study of the many ethnological problems of this country. After 
the administrative report of the director, the following papers 
are given: Primitive Trephining in Peru, by M. A. Muiiiz and 
W. J. McGee; Cliff Ruins of Canyon de Chelly, Arizona, by C. 
Mindeleff ; Day Symobols of the Maya Year, by Cyrus Thomas; 
Tusayan Snake Ceremonies, by J. W. Fe wkes. 

5. Field Columbian Museum.—Recent publications of the Field 
Columbian Museum at Chicago include the following : 

Publication 16. Anthropological Series. Vol. i, No.1.  Arch- 
eological Studies among the Ancient Cities of Mexico. Part II, 
Monuments of Chiapas, Oaxaca and the Valley of Mexico. By 
William H. Holmes. 338 pp. This is a valuable contribu- 
tion to a highly interesting subject. It is profusely illustrated, 
containing with other plates numerous panoramic views which 
the author has drawn with his well-known skill. 

Publications 19 and 20. Zodlogical Series. Vol. i, Nos. 6 and 
7. List of Mammals from Somali-Land obtained by the Museum’s 
East African Expedition, and Remarks upon two Species of Deer 
of the Genus Cervus, from the Philippine Archipelago, by D. G. 
Elliot, F.R.S.E. 155 pp. (Plates.) 

Publication 21. Anthropological Series. Vol. ii, No. 1. Ob- 
servations on a Collection of Papuan Crania, by George A. Dor- 
sey. With Notes on Preservation and Decorative Features, by 
William H. Holmes. 49 pp. 

6. The American Journal of Physiology.—Attention is called 
to the following circular, which gives the prospectus of a new 
journal in a field not yet occupied in this country. It deserves 
the hearty support of all interested in the department. 

The number of investigations in physiology and its allied sciences now made 
in this country 1s grown so large that the present means of publication are no 
longer sufficient. To meet the ueeds of investigators in physiology, physiological 
chemistry. physiological pharmacology, and certain other branches of biology, 
a special journal will be published, the first number appearing in January, 1898, 
The American Journal of Physiology, as the new publication will be called, will 
contain in each volume about five hundred pages, divided into parts or numbers, 
to be issued whenever material is received It is expected that not more than 
one volume a year will be printed. The Journal will be edited for the American 
Physiological Society by H P. Bowditch, M D., Boston; R. H. Chittenden, Ph.D, 
New Haven; W. H. Howell, M.D., Baltimore; Frederic S. Lee, Ph.D., New 
York; Jacques Loeb. M.D., Chicago; W. P. Lombard, M.D., Ann Arbor; and 
W. T. Porter, M.D., Boston. 

It is not to be supposed that a journal devoted solely to the publication of 
original researches in physiology will ever do more than pay for its paper and 
printing, and it is probable that some years must pass before the new enterprise 
will cease to be a financial burden on a small number of investigators. Yet the 
need of such a publication is undoubted. The aid of all friends of learning is 
asked until the Journal shall be established on a self-supporting basis. The sub- 
scription price, which is five dollars (£1 1s.; marks, 21; franes, 26) per volume, 
should be sent to W. T. Porter, M D., 688 Boylston Street, Boston, Mass. 
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Apodide, revision, Schuchert, 325. 

Appalachians, extension across Mis- 
sissippi, etc., Branner, 357. 

Comanche series in Oklahoma and 
Kansas, Vaughan, 43. 

Crangopsis vermiformis of Ken- 
tucky, Ortmann, 283. 

Ctenacanthus spines from the Keo- 
kuk limestone of Iowa, Eastman, 
10. 

Currituck Sound, Virginia and No. 
Carolina, Wieland, 76. 

Deposits from borings in the Nile 
Delta, Judd, 74. 

Dinosaurs, European, Marsh, 413. 

Eopaleozoic hot springs and siliceous 
odlite, Wieland, 262. 

Felidx, extinct, Adams, 145. 

Florencia formation, Hershey, 90. ° 

Fossil insects of New Brunswick, 
Matthew, 394. 

Glacial observations in Greenland, 
Barton, 395. 

Glaciation in Greenland, Tarr, 325. 

Glaciers, Arctic, variation in length, 
Rabot, 395. 

Igneous rocks in Wyoming, Cross, 

15. 

Jura and Neocomian of Arkansas, 
ete., Marcou, 197; 449. 

Jurassic of Texas, alleged, Hill, 449. 

Linuparus atavus of Dakota, Ort- 
mann, 290. 

Metamorphism, contact, Fairbanks, 
36 


Patagonia, geology of southern, 
Hatcher, 246, 327; large oysters, 
Ortmann, 355. 

Peat in the Dismal Swamp, depth 
of, Wieland, 76. 


484 


GEOLOGY— 

Pithecanthropus 
ouvrier, 213. 

Pleistocene deposits of Chicago 
area, Leverett, 157. 

Popocatepetl and Ixtaccihuatl, ob- 
servations, Farrington, 326. 

Pre-glacial drainage in Michigan, 
Mudge, 383. 

Protoceratidi, principal characters, 


erectus, Man- 


Marsh, 165. 

Pseudoscorpion, a new fossil, Gei- 
nitz, 158. 

Rocks, fractional crystallization, 


Becker, 257. 

Stylolites. Hopkins, 142. 
Tamiobatis vetustus, Eastman, 85. 
See also Rocks. 

Gill, H. V., theory of singing flames, 

Glaciers, see GEOLOGY. 

= B. A., Cordoba Photographs, 

Gray Herbarium of Harvard Univer- 
sity, Contributions, No. XI, Green- 
man, 249. ; 


H 


Hallock, underground temperatures, 
76. 


Hatcher, J. B., geology of southern | 


Patagonia, 246, 327. 


Havens, F. S., aluminum and beryl- 


lium, separation, 111. 
Heat of combustion, Mendeléeff, 319. 
Heliostat, Mayer, 306. 
Hershey, O. H., Florencia formation, 
90 


Hill, R. T., alleged Jurassic of Texas, | 


reply to Marcou, 449. 
Hoffmann, Canadian Mineralogy, 78. 
Holm, T., studies in the Cyperacee, 
V, 13; VI, 298. 
Hopkins, T. C., stylolites, 142. 
Hovey, H. C., Mammoth Cave of 
Kentucky, 326. 


I 


Indiana, annual report of department 
of geology, 1896, 394. 
Induction coil, Wright, 324. 


J 


Jaggar, T. A., Jr., microsclerometer | 
for determining the hardness of | 


minerals, 399. 


Judd, J. W., deposits from borings — 


in the Nile Delta, 74. 


INDEX. 


K 


— G. F., sapphires from Montana, 
17. 


L 


Lenard rays, des Coudres, 391. 
Leverett, F., Pleistocene features and 
deposits of the Chicago area, 157. 
Lewis, H. Carvill, Genesis of the 

Diamond, 77. 
Light and Sound, 
Franklin, 73. 
Linck, G., relation between the geo- 
metric constants and the molecular 
weight of a crystal, 321. 
W., monazite from Idaho, 


Nichols and 


Lodge, O., influence of a magnetic 
field on radiation-frequency, 153. 


MacCurdy, George Grant, translation 
of paper on Pithecanthropus erec- 
tus, 213. 

Magnetic field, infiuence on radiation- 
frequency, Lodge, 153. 

method of showing metallic iron, 
Duane, 475. 

Mammoth Cave of Kentucky, Hovey 

and Call, 326. 


| Manouvrier, L., Pithecanthropus erec- 


tus, 213. 


Marcou, J., Jura and Neocomian of 


Arkansas, etc., 197; Reply to, R. T. 
Hill, 449. 


Marsh, O. C., principal characters of 


the Protoceratide, 165; observa- 
tions on European Dinosaurs, 413. 

Mayer, A. G., improved heliostat of 
A. M. Mayer, 306. 


Mercury resistance, pressure co-effi- 


cient of, Palmer, 1 


Metals, capillary constantsof molten, 


Siedentopf, 320. 
Meteorite, Bendegé, Derby, 159. 
iron, new, Canada, 325. 

Meteors, November, 480. 
Microsclerometer for determining 
hardness of minerals, Jaggar, 399. 
Mineral Resources of the United 

States, Day, 478. 
MINERALS.— 
Altaite, British Columbia, 78. 
Bertrandite, Maine, 316. Bismu- 
159. Bixbyite, Utah, 


| 
| 


INDEX. 485 
MINERALS— | Oscillatory currents, Seiler, 71. 
Cassiterite in California, 39. Chal-| discharge of a large accumulator, 
costibite, Bolivia, 31. Corundum, Trowbridge, 194. 
Montana, 417, 421, 424. | Ostwald, supersaturation, ete., 151. 
Danaite, British Columbia, 78. Ostwald’s Klassiker der Exacten Wis- 
Diamond, So. Africa, 77. Dicks- — senschaften, 398. 
bergite, Sweden, 158. | Oysters of Patagonia, Ortmann, 355. 
Fluorite, 474. | 
Fuggerite, 159. 
Guejarite, 27. 
Hamlinite, Maine, 313. Pp 
Ilmenite, ‘composition, 108. Iron, Palmer A. deF., Jr., pressure coeffi- 
native, Missouri, 99. | cient of mercury resistance, 1. 
Leonite, 158. Leucite, Wyoming, Patagonia, geology of, 247, 327, 355. 
115. | Penfield, S. L., identity of chalco- 


Maltesite, Finland, 158. Mangan-— stibite, ete., from Bolivia, 27; 
andalusite, Sweden, 158. Mica’ }ixbyite and topaz, 105; composi- 


pseudomorphs, 309. Monazite, tion of ilmenite, 108 ; chemical com- 

idaho, 63. Munkforssite, Swe- position of hamlinite, 313. 

den, 159. | Perry, J., Calculus for Engineers, 
Nitre, 118. BOR. 
me ae, 309. Phase Rule, Bancroft, 67. 

uirogite Phelps I. K., combustion of organic 
Sapphires, Montana, 417, 421, 424. enn in the wet way, a73, 


Scheelite, Nova Scotia, 78. Photoelectric relations of fiuorspar 
— British Columbia, and selenium, Schmidt, 474. 
| Physics, Cooley, 390; Elements, 
Tetradymite, British Columbia, 78.| Nichols and Franklin, 73. 


Topaz, Utah, 107. Physiology, American Journal of, 481. 
Wolfsbergite, 27. | Pirsson, L. V., corundum-bearing rock 
Minerals, determination of hardness ¢yom Montana, 421. 
of, Jaggar, 399. | Polarization capacity, Gordon, 71. 


Mixter, W. G., electrosynthesis, 51. | Pratt, J. H., crystallography of Mon- 
Morgan, T. H., Development of the tana sapphires, 424. 


Frog’s Egg, 161. | Prinz, W., Esquisses Sélénogiques II., 
Morphology, Experimental, Daven-| 396. 

port, 397. | Pseudomorphs from New York, 
Mudge, pre-glacial drainage in Michi- | Smyth, 309. 

gan, 383. | 

| 
Nichols, E. L., Light and Sound, 73. | R 
Nicol prism, new, Leiss, 475, Rabot, C., variations in length of 
Nile delta, deposits of, Judd, 74, Arctic glaciers, 395. 
| Rarified gases, behavior of, Ebert and 
0 | Wiedeman, 391. 
Rayleigh, limits of audition, 69. 

OxsiTuaRY— Resistance of mercury, pressure-coef- 

Clark, A. G., 83. ficient, Palmer, 1. 

Des Cloizeaux, A., 164. Robb, W. L., solarization effects on 

Fresenius, C. R., 84. Réntgen ray photographs, 243. 

Mayer, A. M., 161. Réntgen rays, in surgery, 72. 

Meyer, V., 398. photographs, solarization effects, 

Sachs, J., 164. Robb, 243. 
Orthoptera, North America, Scudder,| See Cathode rays. 

250. Rowland, H. A., electrical measure- 
Ortmann, A. E., Crangopsis vermi-| ment by alternating currents, 429. 

formis of Kentucky, 283 ; Linupa- | Rocks— 

rus atavus of Dakota, 290; large| Fractional crystallization of rocks, 

oysters of Patagonia, 355. Becker, 257. 
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United States Geological Survey, pub- 


Leucite rocks in Wyoming, 115. lications, 155, 392. 


Madupite, 129. | 

Orendite, Wyoming, 123. Vv 
Wyomingite, 120. 
| Van Tieghem, new system of classifi- 
' cation of phenogamia, 79. 

Van’t Hoff, Doppelsalzen, etc., 68. 

Ss | Vaughan, T. W., outlying areas of 


Scudder, S. H., North American the Comanche series, 43. 
Orthoptera, 250. 
Secondary undulations registered on | WwW 


tide gauges, Denison, 82. H é —_— 
Smyth, C. H. Jr., pseudomorphs | Wadsworth, F. L. O., determination 
from New York, 309. | of specific heat by the method of 
Spark discharges, Warburg, 474. mixtures, 260. ; 
Specific heat, determination by the | Walker, C. F., titration of sodium 
method of mixtures, Wadsworth, | thiosulphate with iodic acid, 235. 
265. Wave-length, effect of pressure on, 


Stars, spectra of certain, Vogel and Humphreys, 392. = 
Wilsing, 475. | Webster, A. G., Theory of Electricity 


South Africa Geological Society, vol. _ and Magnetism, 72. 
Il 78, “Wells, H. L., translation of Frese- 
nius’s Qualitative Analysis, 473. 
| Wieland, G. R., Currituck Sound, 
| Virginia and North Carolina, 76; 
Ky | depth of peat inthe Dismal Swamp, 
| eopaleozoic hot springs and sil- 
ound, at gre iceous oblite, 262. 
ridelgange observations, 82, Wight, L., Induction Coil in practi 
Tin deposits, Temescal, So. Califor- | cal work, : 
nia, 39. | 
Trowbridge, J., electrical discharges | Z 
in air, 190; oscillatory discharge of | 
a large accumulaior, 194. | Zoological Bulletin, 83. 
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COLLECTIONS OF THIN-SECTIONS FOR PRACTICAL 
MICROSCOPIC-PETROGRAPHICAL STUDY. 


These collections contain thin sections of ail the more important types of rocks 
as mentioned in the lately published (Stuttgart, 1896) 


MICROSCOPIC PHYSIOGRAPHY OF ROCKS 
By H. ROSENBUSCH, 3d edition. 


To each one of them will be added a brief printed description of all the speci- 
mens and sections (by Prof. Dr. K. Busz, Miinster) in order that the student him- 
self may be able to recognize and determine the constituents of the rocks. For the 
present, three such collections will be provided. 


1. Collection of 120 thin sections in elegant case,....-..-.------------- $38.00 
Together with the 120 specimens—size 84x llem, ........-.------ 63.00 
2. Collection of 180 thin sections in elegant case,....-.....--.--------- 56.00 
Together with the 180 specimens—size 84 x llem,_...-...-------- 98.00 
3. Collection ef 250 thin sections in elegant case...........-.---------- 81.00 
Together with the 250 specimens—size 84x llem,........-------- 144.00 


ROCKS OF THE ODENWALD. 

Complete collection of the most interesting rocks of the Oden- 
wald Mts. in Germany, including all dike rocks ( Orbite. Luciite, Malchite, Beer- 
bachite, ete.) mentioned in the new Microscopic Physiography of Rocks by H. Rosen- 
busch, as well as metamorphic rocks, to which will be added a short description 
of their macroscopical and microscopical characteristics by Professor D. C. Chelius, 
of Darmstadt. 

Collection of 100 thin sections in elegant case,..-......---...------------- $30.00 
Together with the 100 specimens —size. 84x llem,_.-.....-.---..------ 50.00 

As all thin sections will be microscopically examined before being delivered, we 
ean guarantee their perfect reliability and that they exhibit all the characters as 
mentioned in the above named descriptions. 


NEW METEORITES! 

Laborel, Franee--Chondrite, date of fall, 14, vi, 1870. Fragment with crust: 
88 gr., $95.00: 4.5 ¢r., $5.00. Small fragments with and without crust, per | gr., 
$0.50 to $1.00 

Lesves, Prov. Namur, Belgium —Chondrite, date of fall, 13, iv, 1896, fragments 
with crust, 125 gr., $170.00; 32 gr., $43.00 ; 2.6 gr.. $6.00. Small fragments 
with crust. p. 1 gr, $2.50. 

Zebrak (Praskoles), Bohemia—Chondrite, date of fall, 14, x, 1824. Fragment 
with crust, 51 gr., $107.00. ; 

Beaconsfield, Victoria, Australia—Siderite, discovered 1896. Slices of various 
size, per | gr., $9.25. Detailed Price List on application 

NOVELTIES. Bismite, Broeggerite, Darapskite, Kpididymite, Kainosite, 
Knopite. Leucophane eryst., Lorandite, Lossenite, Rathite, Salvadorite, Sulphoborite. 
Only FEW specimens. 

Minerals and fossils in single specimens or in collections, bought or exchanged, 

New editions of the following lists have come out and will be sent on demand: 

Catalogue I*: General catalogue of erystal models in wood, plate glass and 
paste-board, new crystallographical apparatus and instruments. 

Supplements 1 and 2 to Catalogue IV ; New Rocks 

Catalogue V*: Professor Groth’s collection of 396 erystal-models in wood 

Catalogue VIL": Prof. Hinke’s student collection of 150 erystal-models in wood. 

Catalogue XI: Prof. Vrba’s Collection of 280 crystal-models in paste-board. 

Catalogue XII: Professor Baumhauer’s collection of 102 erystal-models in 
plate-glass. 

List of new acquisitions of excellent fossils. 


DR. F. KRANTZ, 


RHENISH MINERAL OFFICE, 
BONN ON THE RHINE, GERMANY. 
ESTABLISHED 1833. 


Represented in the United States by Messrs, Eimer & Amend, 
205-211 Third Avenue, New York. 


MINERALS. 


CRYSTALLOCRAPHY. 
Preston’s Crystal Models 


Series of Six Crystal Models 
in transparent celluloid (averaging four 
inches longest diameter), exhibiting the 
six different systems of crystallization, 
and showing various derivative forms 
by means of internal crystals, 


Price of the 6 models, in case, $16 


Series of 20 Models, solid cut 
glass, showing forms in the six sys- 
tems of crystallization. Price $12 

Series of 70 Models, solid cut 


glass, showing the crystalline form 
and color of the more prominent 


gems. Price $60 
Series of 20 Models, ditto, $18 | Series of 100 ditto, Price $30 
Series of 18 Models, ditto, $15 | series of 50 ditto, Price $15 


The same sets in white, $30, $16 and $8 
respectively. 


Series of 16 Models, ditto, $14 
Series of 200 Crystal Models in 


plaster, with colored faces, mounted with 
brass standards on black walnut blocks, 
each separately labeled with name of 


Series of 43 Crystal Models, 
in wood (about 1} inch diameter), a few 
revolving on axes to show twin forms, 


in neat wooden box with sliding cover, 


Price $65 Price $10 


DIAMOND AND CEM MODELS. 


Series of 15 Models, in cut glass, of the CELEBRATED Dramonps of the World. 
These models are perfect” copies of the originals in size, appearance and color, and 
comprise the following: 


mineral and crystallographic formula, 


Eugenie, Kohinoor (original cut), Pashaof Egypt, Sancy, 

Florentine, Kohinoor (7e-cut), Piggott, Shah, 

Great Mogul, Nassak, Polar Star, Star of the South. 
Hope, Orloff, Regent, or Pitt, 


Price, in velvet-lined case (two styles), $25 and $30 
Set of 4 of the above, including the Florentine, Kohinoor (re-cut), Orloff and 
ice, $8 


Rll of 84 Models, in glass, illustrating most of the substances prized as 
These models are faithfully colored, and each specimen is cut in the form 


gems. 
most commonly employed for that variety in jewelry. In morocco case. Price, $40 
Series of 6O, in morocco case. : : . . - Price, $22 
- - : - Price, $15 

24, - - - Price, $9 


Ward’s Natural Science Establishment, 


18—28 COLLEGE AVENUE, ROCHESTER, N. Y. 


ZA 


SICILIAN SULPHURS. 


Twenty large choice shelf and cabinet specimens, 50 cts. to $10.00. Large shelf 
specimene, groups 2x3 to 4x6, $1.50 to $3.50. One fine large octahedron grouped 
with modified sphenoidal crystals, $10.00. Also a few aragonites and selenites. 


BARITE, STIBNITE, AND RHODOCHROSITE 
FROM HUNGARY. 
A large case of Hungarian minerals contained groups of large tabular barite 
crystals including orpiment and realgar, $1.25 to $2.50. A few fine stibmites and 
rhodochrosites 


NEW ARRIVALS IN CRYSTALS. 


A few Cassiterite crystals from Austra ia, 35 cts. 
Anorthite, twin crystals from Japan, 25 ets. 

Distorted salt crystals from California, 35 cts to 75 cts. 
Hanksite crystals from California, 35 cts. to $1.00. 


PATERSON MINERALS. 


A new lot from Paterson just obtained contains perhaps the best heulandites 
ever received from there. Also a few good specimens of tlie rare variety of albite 
in minute crystals. Thaumasite 2x3, 35 cts, 3x4, 75 cts. 


Collections for schools. New bulletin on application. Write us what you want. 
Boxes on approval by freight or express Crystals by mail. 


ROY HOPPINC, 


5 and 7 Dey Street, - - New York, A. 


SYSTEMATIC COLLECTIONS 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Reductions to suit the 
times on iarge collections purchased now. 
RELIEF MAPS AND MODELS. 

Almost the only place for correct and artistic work in this line. Send for list of 40 Reliet 

Maps for Schools and Colleges. New Model of Southern New England just completed, 
LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 

A good price paid for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $200 per Ib. Among 
them are Cafion Diablo complete, 40 cents to $1.00 per pound. Polished and etched sections 4 
tu 5 cents per gram. 


Per Gram. Per Gram. 
Toluca, . ° - 8to 5cents. Fayette Co. (4), 8cents, 
El Capitan (1), . - * Cross Roads (5), . $3.00 
Kendall Co., . - Wtow Winnebago. . ‘ ‘ 8to2w 
Inez . ° - »« * Kessen, . ° 
Llano del Inca (3), . ° Pultusk, . - Bop * 


(1) Described in this Journal Sept., 1895. (2) [bid Nov., 1887. (3) Proc. Roch. Acad. Sci. 
Vol.1. (4) This Journal Auy., 1888. (5) Lvid July, 1893. (6) Ibid June, 1894. 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 
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RECENT PUBLICATIONS. 


Stones for Building and Decoration. 


By George P. Merrill. New Edition. Revised and enlarged. 8vo, 
cloth, $5.00. 


Practical Assaying. 


By H. Van F. Furman. Fourth Edition. 8vo, cloth, $3.00. 


Determinative Mineralogy and Blow-Pipe. 


By Prof. George J. Brush. With an introduction on Blow-pipe 
Analysis by Professor S. E. Penfield, Sheffield Scientific School. 


Rewritten and reset. 8vo, cloth, $3.50. 


Notes on Assaying. 


By P. De Peyster Ricketts, E.M., Ph.D., Professor of Analytical 
Chemistry and Assaying, and Edmund H. Miller, A.M., Ph.D., Tutor 
in Analytical Chemistry and Assaying, in the School of Mines, Colum- 
bia University, New York. Rewritten and reset. 8vo, cloth, $3.00. 


A Catalogue of Minerals. 


Alphabetically arranged. By A. H. Chester, Professor of Miner- 
alogy, Rutgers College. Third Edition. 8vo, cloth, $1.25. 


Cyanide Processes. 


By E. B. Wilson, E.M. 12mo, cloth, $1.50. 


The Chlorination Process. 


By E. B. Wilson, E.M. 12mo, cloth, $1.50. 


JOHN WILEY & SONS, 


53 E. 10th Street, New York City. 
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100,000 MINERAL SPECIMENS 


1,000 Cretaceous and Tertiary vertebrates and invertebrates of 
Cheyenne River Fossil Beds (on “ Bad Lands”). 

15,000 Stone Relics. Every known form of Arrow and Spear 
Heads and Mound Builders Relics—a very fine stock, seldom 
approached. 

All sorts of Sioux Indian Relics. 

Splendid Photos of Indian Chiefs (200 subjects), cabinet size, 
for 10 cents each, postpaid ; 5x8 inch size, 15 cents ; 8x10 size, 
30 cents each. On these can be seen the “Relics” they wear 
and carry. 

14th year. Priced catalogue for stamp. 

Schools, Museums and Collectors supplied with L or 1,000 
specimers. Wholesale and retail dealer. 


L Ww. STILWEHLLEL, 


Deadwood (Black Hills), South Dakota. 


THE ATOLL OF FUNAFUTI 
EHELLICH GROUP 


Its Zoology, Botany, Ethnology and general structure, based on collections 


made by 
CHARLES HEDLEY, or tHe AusTRALIAN Museum, SYDNEY. 


To be completed in 6 parts, price 5/- per part or 20/- for the complete work. 


KEGAN PAUL, TRENCH, TRUBNER & CO., 


(LIMEITED.) 


Paternoster House, Charing Cross Road. W.C., London, Eng. 


IMPORTANT SALE OF RARE MINERALS. 


A great opportunity is afforded to Universities, Museums and collectors, 
also others, of purchasing by private contract and in its entirety, the large 
and valuable collection of minerals known as the ‘‘Carne Museum of 
Penzance,” Cornwall. This collection has been pronounced to be by experts 
one of the finest in the United Kingdom. It was commenced in the early 
part of this century, and has been in possession of members of the family of 
the founders ever since. The specimens, many thousands in number, are in 
splendid condition, many being quite unique. For full particulars, address 


OWNER Care of Messrs. STREET & CO., 
80 CORNHILL, LONDON. 


Founded by E. LITTELL th 18¢¢. 
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ARE REPRESENTED IN !TS PAGES. 
THE LIVING AGE Reproduces without abridgment the ablest 
2 articles from the Leading British reviews, 
magazines and weekly literary and political journals in every department 
of Literature; also TRANSLATIONS from the French, German, Russian, 
Spanish, Italian and other Continental Sources. 


ENLARGED by the addition of a Monthly Literary Supplement, containing Reaéings from 
——_——_ American Magazines, Readings from New Books, a List of Books of the Month. 


“AN EPOCH -MAKING STORY.” 
“WITH ALL HER HEART.” From the French of M. Rene Bazin. 


Arrangements have been made for the SERIAL PUBLICATION of a 
TRANSLATION, made expressly for THE LIVING AGE, of this famous 
novel. The first instalment appears in the number of Nov. 6, and will 
be continued weekly for several months until completed. 


<—ADANA=-r NO mz-Axr Dp ] 


This novel, in its recent presentation 
in the REVUE bDES DEUX MONDEs, 
aroused the greatest interest, attracting 
the attention of litterateurs both in 
France and England. A vivid portrayal 
of life in a French industrial town, it is 
interesting alike as a social study, and 
as a realistic, yet delicate story of 
modern life. 


Its literary and ethical qualities are 
so unusual that LES ANNALES LITTER- 
AIRES ET POLITIQUES described it as 
“An Epoch-Making Story.” 

THE LONDON ATHENAZUM character- 
izes it ‘a work of fine and searching 
analysis, full of charm, and redolent of 
a perfume which is exquisite and pos- 
sesses no disquieting clement.” © 


DURING THE YEAR other translations from the best writers will appear from 


time to time, with serial or short stories by the Leading British Authors. 


Free «with Act HER HEART.” 
To all New Subscribers to The Living 
Age for 189s, will be sent Free the eight 
numbers of 1897 containing the first in- 
stalments of 


“WITH ALL HER HEART.” 


Published Weekly at $6.00 a Year, postpaid. Single Copies 15 cts. 


THE LIVING AGE CO. 


Choicest 
Literature at Club Prices. 
For 39.00 THE LIVING AGE and any $4.00 
*| Magazine (or Harper’s Weekly ov Bazar) 
sent for a year; or, for 38.00 THE LIv- 
ING AGE and Scribner’s magazine. 


P.O. BOX 5206, BOSTON. 


Represents every department of Knowledge an? Progress. 
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Prospekt. 


Soeben erschien: 


VORLESUNGEN 


UEBER DIE 


PRINCIPE DER MECHANIK: 


VON 


LUDWIG BOLTZMANN, 


PROFESSOR DER THEORETISCHEN PHYSIK A. D. UNIVERSITAT WIEN. 


_I. THEIL 


enthaltend die Principe, bei denen nicht Ausdriicke nach der Zeit 
integrirt werden, welche Variationen der Coordinaten oder ihrer 
Ableitungen nach der Zeit enthalten. 


MIT SECHSZEHN FIGUREN. 


xX, p41 Seiten: Preis 6 M 


LEIPZIG, 
VERLAG VON JOHANN AMBROSIUS BARTH. 
1897. 
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Vorwort zu Boltzmann, Principe der Mechanik. 


Bring vor, was wahr ist: 
Schreib’ so, dass es klar ist 
Und verficht’s, bis es mit dir gar ist! 


Wenn ich nun wieder statt des zweiten Theiles der Gas- 
theorie den ersten der Mechanik publicire, so will ich das 
nicht mit dem Hinweise auf beriihmte Muster fiir die Reihen- 
folge des Erscheinens der Biinde entschuldigen. Das kam 
vielmehr so. Im zweiten Theile der Gastheorie hiuften sich 
die nothwendigen Einschaltungen iiber Mechanik so, dass sie 
erst einen ganzen Paragraph, dann einen Abschnitt auszu- 
fiillen schienen und ich mich zuletzt entschloss, ein ganzes 
Buch daraus zu machen, indem ich noch ein Vorlesungsheft 
hinzunahm, das ich in den vorigen Ferien fiir Vorlesungen 
iiber Mechanik im folgenden Wintersemester ausgearbeitet 
hatte. Als ich mir aber mein Auditorium betrachtete, 
glaubte ich die ganze Methode desselben mit einer ein- 
facheren vertauschen zu sollen. Dafiir nahm ich den Inhalt 
des betreffenden Heftes, damit doch meine Miihe nicht ganz 
verloren sei, in das vorliegende Buch auf, welches ich also 
als Vorlesungen bezeichnen kénnte, die ich an der Wiener 
Universitiit nicht gehalten habe. 

Man sprach in neuerer Zeit viel iiber die Dunkelheiten 
in den Principien der Mechanik und suchte sie dadurch zu 
beseitigen, dass man der Mechanik ein ganz neues, fremd- 
artiges Gewand gab. Ich habe hier den entgegengesetzten 
Weg eingeschlagen und versucht, ob sich nicht bei méglichst 
treuer Darstellung der Mechanik in ihrer alten classischen 
Form die Dunkelheiten ebenfalls vermeiden liessen, theils 
indem ich gewisse Dinge, die man friiher iiberging oder als 
selbstverstiindlich nur obenhin beriihrte, ausfiihrlich behan- 
delte, theils indem ich jede berechtigte Kritik sorgfiltig be- 
riicksichtigte. Besonders kann ich da den Bemerkungen 
Hertz’ iiber den Ideenreichthum der einschligigen Schriften 
Mach’s nur aufs Wirmste zustimmen, wenn ich auch 
keineswegs iiberall derselben Ansicht bin, wie Mach. 

Gerne hiitte ich mich der Bezeichnungsweise der Qua- 
ternionen angeschlossen; doch wire dies meinem Bestreben, 
alles dem deutschen Publikum fremdartige auszuschliessen, 
zuwidergelaufen. 

Der zweite Theil der Vorlesungen iiber Mechanik, der 
erst die gastheoretisch wichtigen Principe bringen wird, soll 
in kiirzester Zeit und dann, sobald es mir méglich sein wird, 
auch der zweite Theil der Gastheorie erscheinen. Ein dritter 


Vorwort. 


Theil der Mechanik soll die Elasticitiitslehre und Hydrodyna- 
mik enthalten, und so wieder zur Gastheorie zuriickleiten. 

Von Vollstindigkeit und wesentlich Neuem kann natiir- 
lich bei einem so umfangreichen und vielbearbeiteten Ge- 
biete, wie die Mechanik, nicht die Rede sein. Trotzdem 
stellte es sich vom Abschnitte iiber das Kriftenparallelo- 
gramm (§ 10) bis zur Definition des Gleichgewichtes eines 
Systems, dem d’Alembert’schen Principe und der all- 
gemeinen Form der Bewegungsgleichungen ($$ 72, 73 und 74) 
heraus, dass auch manche specielle Siitze der Mechanik noch 
der schirferen Priicisirung bediirfen. Natiirlich konnte hier 
keine dieser Fragen zum Abschlusse gebracht werden; das 
wire nur in einer Monographie méglich; aber ich bin zu- 
frieden, wenn ich auf Liicken hingewiesen und Anregung zu 
weiterer Forschung gegeben habe. 

Abbazia, den 3. August 1897. 

Ludwig Boltzmann. 
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Verlag von Johann Ambrosius Barth in Leipzig. 


Vorlesungen iiber die Maxwellsche Theorie 


Elektricitat und des Lichtes 


Dr. Ludwig Boltzmann, 
Professor der theoretischen Physik an der Universitit Wien. 
I. Theil: 


Ableitung der allgemeinen Gleichungen fiir ruhende, homogene, 
isotrope Kérper. 
XII, 139 Seiten mit vielen Textfiguren und 2 lithogr. Tafeln. 1891. Mk. 5. 
Il. Theil: 
Verhaltniss zur Fernwirkungstheorie, specielle Falle der Elektro- 
statik, stationaren Strémung und Induction. 
VIII, 166 Seiten mit Figuren im Text und 2 Tabellen. 1893, Mk. 5.—. 


Stimmen der Presse: 


Zeitschr. f. phys. u. chem. Unt.: ... Nur ein Boltzmann konnte den 
oft unentwirrbar complicirten Plan des Maxwell’schen Lehrgebiiudes bis in 
alle Details so verstehen, um ihn mit dieser Klarheit blosszulegen. Aus den 
einfachsten Annahmen — den Gesetzen der cyklischen Bewegungen und der 
Lagrange’schen Gleichung — entwickeln sich die weittragendsten Schliisse 
mit einer Klarheit und Eleganz, die neben der vollendeten wissenschaft- 
lichen Befriedigung auch einen hervorragenden dsthetischen Genuss bietet. 

Elektrotechn, Zeitschr.: ... Dem Werke eines unserer be- 
deutendsten mathematischen Physiker wird zweifellos allseitig das grisste 
Interesse entgegengebracht werden. 

...+ Von allen Versuchen, welche bisher unternommen wurden, um 
die Maxwell’sche Theorie in folgerechter Entwickelung darzustellen, 
miissen die Boltzmann’schen Vorlesungen an erster Stelle genannt werden. 

Zeitschr. f. d. 6sterr. Gymnas,: ... Die Arbeit ist zweifelsohne 
unter allen bisher erschienenen die geeignetste, um den Zusammenhang 
der alten und neuen Elektricitiitslehre zu erfassen und das leichtere 
Studium Maxwell’s anzubahnen. 

Zeitschr. f. d. Realschulw.: ... Die Fiille schéner Details, die 
Eleganz der mathematischen Darlegungen, die trotz der grossen An- 
spriiche, die an den Leser gestellt werden, doch iiusserst klare Aus- 
drucksweise werde': dem Buche gewiss viele Freunde sichern. 

Deutsche Litteraturztg.: ... Die Darstellung, die sich durch 
Klarheit, Kiirze und Uebersichtlichkeit auszeichnet, liisst die Maxwell’- 
schen Ideen in einem neuen Lichte erscheinen und ist wohl geeignet, 
uns auch das, was in der Theorie zuerst fremdartig anmuthet, zum Ver- 
stiindniss zu bringen. Das Buch, das erste seiner Art, das in Deutsch- 
land veréffentlicht ist, kann daher als eine wesentliche Bereicherung 
der Litteratur iiber Maxwell’s Theorie bezeichnet werden. 

Beibl. d. Annalen d. Phys. u. Ch.: ... Selbst der mit der 
Maxwell’schen Theorie in ihren verschiedenen Formen schon voll Ver- 
traute wird das originell geschriebene, an Anregungen und an piidagogischen 
Feinheiten in der Darstellung reiche Buch mit Genuss lesen. 
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Vorlesungen iiber Gastheorie 


von 


Dr. Ludwig Boltzmann, 


Professor der theoretischen Physik an der Universitit Wien. 


I. Theil: 


Theorie der Gase mit einatomigen Molekiilen, deren Dimensionen 
gegen die mittlere Weglange verschwinden. 


IV, 200 Seiten. 1895. Mk. 6.—. 


In dem vorliegenden Werke, das aus an der Miinchener und Wiener 
Universitit gehaltenen Vorlesungen entstanden ist, versucht der Verfasser 
vor Allem die bahnbrechenden Arbeiten von Clausius und Maxwell iiber- 
sichtlich wiederzugeben. Aber auch seinen eigenen Arbeiten ist einiger 
Platz geginnt. Eine kurz getfasste, méglichst leichtverstiindliche Dar- 
stellung einiger Hauptresultate der Gastheorie Boltzmann’s wird von den 
Fachgenossen gewiss mit grosser Freude hegriisst werden. 

In einem II. Theile sollen die van der Waals’sche Theorie, die Gase 
mit mehratomigen Molekiilen und die Dissociation behandelt werden. 


Stimmen der Presse: 


Literar. Centralbl.: Der Verfasser, der im Laufe seiner Studien 
selbst namhafte Beitrige zur Entwickelung der kinetischen Gastheorie 
geliefert hat, bringt uns eine hochinteressante Bearbeitung des gesammten 
Gebietes, indem er zugleich vielfach neue Gesichtspunkte darbietet und 
neues Geschiitz ins Feld fiihrt gegen die sich mehrenden Angriffe von 
Seiten der Energetik.... Das Werk ist iiberall verstiindlich geschrieben 
und birgt eine Fiille der schitzbarsten Untersuchungen. 

Zeitschr. f. 6sterr. Gymnas.: Wir empfehlen das treffliche Buch 
den Studirenden, welche bestrebt sind, eine tiichtige Grundlage fiir den 

4g héheren Calciil und die héhere Algebra zu gewiunen und auf leichte 
Weise in diese einleitenden Partien eingefiihrt werden wollen. 

Elektrotechn. Zeitschr.: ... Um es kurz zu sagen: das Buch 
ist ein echtes Produkt Boltzmann’schen Geistes. 

Journ. of Phys. Chem.: ... In conclusion, the student desirous 
of studying the Kinetic Theorie of Gases can hardly do better than take 
up this book, confident that he will here find a clear and mathemati- 
cally sound treatment of the subject. 


Gustav Robert Kirchhoff 


Gedachtnisrede von Ludwig Boltzmann. 
32 Seiten mit Kirchhoffs Portriit. 1888. Mark 1.—. 
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Vorlesungen iiber Theoretische Physik 


H. von Helmholtz. 


In sechs Banden. 


Dem zuerst erschienenen Band V: 


Vorlesungen 
iiber die 


Elektromagnetische Theorie des Lichts 


herausgegeben von 


Arthur Konig und Carl Runge 
XH, 370 Seiten mit 54 Figuren. 1897. Mk. 14.—. 


werden zuniichst folgen: 

Band I Abtheilung 2: Dynamik discreter Massenpunkte, heraus- 
gegeben von Otto Krigar-Menzel; 

Band II: Mathematisehe Principien der Akustik, herausgegeben 
von Arthur Kénig und Carl Runge; 

Band I Abtheilung 1: Die allgemeinen Grundlagen der physika- 
lischen Wissenschaften, herausgegeben von Arthur Kénig; 

In noch nicht feststehender Reihenfolge sodann: 


Band II: Dynamik continuirlich verbreiteter Massen, herausgegeben 
von Otto Krigar-Menzel; 
Band IV: Elektrodynamik und Theorie des Magnetismus, heraus- 
gegeben von Otto Krigar-Menzel; 
Band VI: Theorie der Warme, herausgegeben von Franz Richarz. 
Mit allseitiger Freude wird es begriisst werden, dass die Vorlesungen des grossen 
Gelehrten nun doch noch gedruckt erscheinen werden. Sie sind hochbedeutend, da in 
ihnen Forschungsresultate niedergelegt sind, die H. anderweitig noch nicht veréffent- 
licht hatte. Fir die Wichtigkeit des zuerst erschienenen Band V mag allein darauf 
hingewiesen werden, dass eine zusammentassende Darstellung der Optik auf Grundlage 
der elektro-magnetischen Lichttheorie iiberhaupt noch nicht vorhanden ist. 
Es ist zu hoffen, dass noch wiihrend des Winters 1897/98 2 weitere Biinde er- 
scheinen kénnen. 


Stimmen der Presse: 

Elektrot. Zeitschr.: ... Wir begniigen uns damit, der Genugthuung 
Ausdruck zu geben, dass H.’s werthvolle Vorlesungen in dieser Weise erhalten 
bleiben, und wiinschen dem Unternehmen guten Fortgang und guten Erfolg. 

Zeitschr. f. phys. u. chem. Unter.: ... Der Leser dieses Werkes 
wird, selbst wenn er mit dem Gegenstand desselben vollkommen vertraut 
ist, eine Fiille von Anregungen uud neuen Gesichtspunkten finden. War 
es ja doch ein charakteristisches Merkmal der Helmholtzischen Arbeits- 
methode, sich stets alles auf seine eigne Weise zurechtzulegen, auf eignen 
Wegen zu wandeln. ... Die Ausgabe ist nach einem Stenogramm aus- 
gearbeitet. Es ist ein dankenswerther Zug der Pietiit, dass die Heraus- 
geber den urspriinglichen Text so viel wie irgend méglich geschont haben. 
Wer das Gliick genossen hat, in spiiteren Jahen den Meister zu héren 
oder sich im Gespriich wissenschaftlichen Rath zu holen, wird bei dem Lesen 
ganzer Seiten des Buches, bei den zahlreichen specifisch Helmholtzischen 
Wendungen und Ausdriicken in die Illusion versetzt werden, den intel- 
lectual giant, wie ihn Maxwell einmal genannt hat, noch einmal zu héren. 
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RARE QUARTZ TWINS! 


Just arrived from Japan! 30 choice contact twins with 
twinning plane € (1122). similar to figure 11 on page 184 
of Dana’s System, but without the modifications, and with 
crystals quite flat (like figure 12), erystals about three- 
quarters of an inch in size. The excessive rarity of con- 
tact twins of quartz will make this little lot sell very 
rapidly at 50e. to 00. 


RARE ALEXANDER COUNTY, N. C., 
QUARTZ, 

From our collector, who has already spent over two 
months in North Carolina, visiting all of the most desir- 
able localities for us, we have received by far the finest lot we ever had of the 
famous Alexander County Quartz crystals. The crystals are mostly of the type 
shown in figure 17 on page 185 of Dana’s System, though they often are much 
more complex, and at least five or six of them should be secured to show the 
different forms. Nearly all of them are perfectly clear and flawless, delicate, 
smoky crystals, with very brilliant faces; they range from three-quarter inch to 
3 inches in length with diameter about one-third the length. Prices 10c. to $2.00. 
A suite of five best quality crystals (averaging about 1 and 1} inches in length) 
postpaid for $1.30. 

WONDERFUL FINDS OF AMETHYST. 

Our N. C. collector has been especially alert for fine Amethysts, and has visited 
numerous localities, has worked several and we have finally purchased outright 
the best locality we have ever heard of, and have already taken out Thousands 
of Beautiful Specimens, bot! single crystals and groups. We believe this is 
the most important find of Amethyst specimens ever made. The color is rich, the 
crystals well formed and of large sizes, every element is present which contributes 
to makes a specimen desirable, including the fact that none have previously been 
in the market from this new locality in Iredell Cotinty, N. C. We also have a 
large lot of fine specimens from Macon County, N. C., and from Rabun County, 
Georgia, 10c. to 35.00. Specimens at 50c. to $2.50 will be acceptable additions to 
the very best collections. 


OTHER NORTH CAROLINA MINERALS. 

The loose terminated crystals of Green Cyanite secured by our collector con- 
tinue to please scientific collectors. But few fine crystals, consequently, remain; 
50c. to 82.00. 

A few good, large size Columbite crystals are still in stock at 50e. to $2.50, 

The Tredell County Zircons, of which a new lot has just arrived, increase 
in popularity as their merits become known—large size, rare form, bright faces, 
low prices: 5c. to 50c. 

RARE CONNECTICUT MINERALS. 

An exchange with a near-by University brings us some good and rare minerals; 
several loose crystals of Monazite, several small but good Uraninite 
Crystals, a little lot of GColumbite Crystals, 22 terminated Beryls, several 
richly colored Iolite specimens, ete. 

RARE COLORADO MINERALS. 

An exceptionally interesting little shipment from a Colorado collector enables us 
to offer good, small specimens of Crystallized Calaverite 2nd Gold Pseudo- 
morphs after Calaverite; fine, large specimens of Sylvanite, also a few 
specimens of Altaite and the exceedingly rare Melonite ; we are also able to 
furnish good specimens of Johannite 2nd a lot of good and large, loose crystals 
of Selenite from a new Colorado locality. } 

Many other recent additions ought to be mentioned, but space forbids. Quite a 
number of them are noted in our Fall Bulletin recently published, mailed free on 
application. 

124 pp. ILLUSTRATED CATALOGUE, 25c. in paper; 50c. in cloth, 
44 pp. ILLUSTRATED PRICE-LISTS, 4c.; Bulletins and Circulars free. 


GEO. L. ENGLISH & CO., Mineralogists, 
. 64 East 12th St., New York City. 
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